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INSTRUCTIONS | TO AUTHORS. 


Authors offering original contributions for publication in ‘the Proceedings should observe — : 
the following directions :— — 

Manuscript.—In drafting the Paper a clear and concise style should ‘be adopted. The hig h 
cost. of printing calls for the utmost brevity consistent with effective presentation « of. the original 
subject-matter. 

The Paper should be easily legible (preferably typewritten) and well spaced. Tt should 
receive a careful final revision, since alterations are costly when the proof thas once been set up. — 

Mathematics.—Set out ‘clearly, ee complex or unusual notations. — Wherever PuSDIES 


express fractions in the form a/b ( (not Ds: and write decimals i in the form 0-123 {not -123). 


Drawings and-Tables.—Diagrams must be on white paper or cardboard, in Indian ink, oe 
size sufficient to allow of reduction. Lettering and numbering should bein pencil, to allow 


Data should be presented in the form of either curves or Tables, but not both. 
Footing aesctiptiye of. figures, and headlines indicative “of contents of. ‘Tables, “should be 
supp e =a 
Abstracts. MSS. must be accompanied by a brief ‘abstract, sufficient, “however, to indicate 
the scope of the Paper and to record all novel results. 

Proofs.—Proofs of accepted Papers will be forwarded to “Authors, and stiould: be eaeurnee 
prompuy with errors corrected, but additions or other deviations from the Me should - be 
avoide 

Reprints.—The Author of a Paper priated i in the Proceedings will. receive 50. copies statis, 
and may receive extra copies at cost price if he so desires, 

Contributions by Non-Fellows.—Papers hy Authors <who are not Fellows. should be commun 
cated to the Society through a Fellow. — * : Bete 

Copyright—Papers printed in the Proceedings are the property of t 
to reproduce Papers or illustrations contained theresa, roku ted by 
eation to the Hon. Secretaries. 4 a 


PROCEEDINGS 
AT THE 


MEETINGS OF THE PHYSICAL SOCIETY. 


SESSION 1926-1927. 


The meetings were held at the Imperial College of Science, the President being in the 


Chaty except where a statement to the contrary occurs. 


October 22, 1926. 


A DEMONSTRATION of Selenium Cells was given by Professor Thirring. 


The following Papers were read :— 


1. ‘‘ The Corrosion Products and Mechanical Properties of Certain Light Aluminium 
Alloys, as affected by Atmospheric Exposure,”’ by Prof. ERNEST WILSON. 


2. ‘The Distribution of Intensity in a Positive Ray Spectral Line (Part II.),” 
by M. C. Jonnson, M.A., M.Sc, 


November 12, 1926. 


The following Papers were read :— 

1. ‘A Rapid Bolometer made by Sputtering on Thin Films,” by H. DEwHuRST, 
men. C.5., L.1.C. 

2. ‘A Hygrometer Employing Glycerine,” by EZER GRIFFITHS, D.Sc., F.R.5., and 
J. H. AwseEry, B.A., B.Sc. 


3. ‘The Effect of Working on the Physical Properties of Tungsten,” by J. W. 


AVERY, B.Sc., D.I.C., and C. J. SMITHELLS, D.Sc. 
62 


Vill Proceedings of the Physical Society. 
November 26, 1926. 
The tollowing Papers were read :— 


1. ‘‘Electro-Endosmosis and Electrolytic Water Transport,” by H. C. 
HEPBURN, B.Sc. 


2. ‘The Input Impedances of Thermionic Valves at Low Frequencies,” by L. 
HIARTSHORN, AUR IGS B.SC). DEC: 


December 10, 1926. 
The following Papers were read :— 


1. ‘The Principle Governing the Distribution of Current in a System of Linear 
Conductors,” by FRANK WENNER, Ph.D. 


2. “A Capacitance Bridge of Wide Range, and a New Inductometer,’”’ by ALBERT 
CAMPBELL, M.A. 


A DEMONSTRATION of “The Behaviour of Bodies with Non-Conducting Surfaces. 
in Electrostatic Fields ’’ was given by Mr. L. G. VEDY. 


January 4, 5 and 6, 1927. 


The Annual Exhibition of Apparatus was held by the Physical Society of London 
and the Optical Society from 3-6 p.m. and from 7-10 p.m. each day. 


Discourses were given as follows :— 
January 4. 


A Lecture on Light and Electricity, as it might have been given in 1709, with the 
apparatus of the time, by Professor F. N. DA C. ANDRADE. 


January 5. 


“Progress in Electrical Instrument Design and Construction,” by Dr. C. VW. 
DRYSDALE. 


January 6. 


“ Television,” by Mr. J. L. Barrp. 
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January 28, 1927. 


The following Papers were read :— 


1. “Electrical Polarisation in Selenium Cells and the Effects of Desiccation,” by 
Prof. A. O. RANKINE, D.Sc., and J. W. AVERY. 


; 2. “Synchronous Alternating-current Motors and Mechanical Vibrating Systems 
Maintained by Thermionic Valves at the Frequency of the Vibrating Systems,” by 
T. G. HODGKINSON, A.M.1.E.E. 

3. “On the Spectrum of Ionised Tin,’ by K. R. Rao, M.A. 
4. “Onthe Spectrum of Doubly Ionised Gallium and Indium,’’ by K. R. Rao, M.A. 


A DEMONSTRATION illustrating some Physical Problems connected with Apple 
Transport was given by Dr. EZER GRIFFITHS, F.R.S. 


February 11, 1927. 
Annual General Meeting. 
GENERAL BUSINESS. 


The Report of the Council and that of the Treasurer were presented and unanimously 
adopted. 


REPORT OF THE COUNCIL. 


During the year fourteen ordinary Science Meetings have been held at the Imperial 
College of Science. The Director of the National Physical Laboratory kindly invited 
the Society to visit the Laboratory on May 22, but this visit had to be cancelled owing 
to difficulties arising from the industrial situation in the country. For the same reason 
the Council did not arrange a provincial meeting, like those successfully held in 1924 
and 1925; but a visit to Bristol will probably be made in 1927. 


At the Science Meetings 32 Papers were presented and 12 Demonstrations were 
given. 
Prof. Charles Fabry, who was elected an Honorary Fellow of the Society at the 


Annual General Meeting, delivered the Eleventh Guthrie Lecture on April 23, the subject 
being ‘‘ The Absorption of Radiation by the Upper Atmosphere.” About 105 Fellows 


and Visitors were present. 
The average attendance at the meetings of the Society was 54. 


The Sixteenth Annual Exhibition, arranged jointly by the Physical and Optical 
Societies, was held, through the courtesy of the Governing Body, at the Imperial College, 
on January 5, 6 and 7. Trade exhibits were arranged by seventy-two firms, and the 
newly instituted Research and Experimental Section contained sixty-one exhibits con- 
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tributed from twenty sources. Discourses were given by Mr. J. E. Barnard, F.R.S., 
on ‘The Search for Ultra-Microscopic Organisms”; by Professor A. F. C. Pollard on 
“The Mechanical Design of Instruments”; and by Major W. S. Tucker on “ Electrical 
Listening.”” On the third day the general public were admitted and the total atten- 
dance at the Exhibition is estimated at 3,500. 


The extension of the scope of the Exhibition, as indicated in the Annual Report 
for 1925, has been much appreciated. 


Dr. D. Owen and Dr. J. H. Vincent have been appointed representatives of the 
Society on the Board of the Institute of Physics, and Mr. J. Guild and Dr. D. Owen on 
the Scinnce Abstracts Committee. Mr. F. J. W. Whipple has been reappointed as the 
Society's representative on the Geophysical Committee of the Royal Astronomical 
Society, and Prof. E. A. Owen has been appointed to represent the Society on the Inter- 
national X-Ray Unit Committee. 


Prof. O. W. Richardson and Mr. F. E. Smith represented the Society at the Coming- 
of-Age Celebrations of Sheffield University on July 1 and 2, and conveyed to the Uni- 
versity an Address of Congratulation on behalf of the Society. 


The Council has awarded the Fourth Duddell Medal to Mr. F. Twyman, F.R.S. 
This will be presented at the Annual General Meeting. 


Owing to the rapid growth of the subject, Prof. A. Fowler has not found it possible 
to prepare the supplement promised for the new edition of his Report on Series in Line 
Spectra. The Council has therefore arranged for the original Report to be reprinted, 
together with a new index. 


The new agreement, mentioned in the last Annual Report, between the Society and 
the Institution of Electrical Engineers in respect of “‘ Science Abstracts ’’ has been signed 
and sealed. The agreement is regarded by the Council as satisfactory. 


As a consequence of the deliberations indicated in the last Annual Report con- 
cerning the question of changing the name of the Society, the Council has decided to take 
no forinal action in the matter, but to adopt procedure similar to that of the Royal 
Society in not giving prominence to the words ‘‘of London.” Commencing with 
Volunie 39 of the Proceedings the words ‘‘ of London” are to be omitted from all pub- 
lications and printed papers except where legally necessary on account of the name of 
the Society remaining ‘‘ The Physical Society of London,” according to the Memorandum 
of Association. 


The Council has entered into negotiations with the Institute of Physics for the 
putpose of arranging for the routine business of the Society to be performed by the 
Institute through the agency of the Secretary of the Institute at its new offices at 
1, Lowther Gardens, South Kensington. 


The Society has sustained a great loss in the death of Mr. W. R. Cooper (elected 
1895), who, until recently, was Treasurer of the Society, and had also filled other 
important offices. The Council on March 26 passed unanimously a resolution of appre- 
ciation, which was afterwards adopted by the General Meeting.* 


* Proceedings, Vol. 38, p. xvii. 
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It is necessary also to record with regret the deaths of Sir David Salamons (elected 
1876), Mr. J. E. Judson (elected 1877), Mr. R. H. Solly (elected 1878), Prof. W. J. Lewis 
(elected 1882), Sir Henry Mance (elected 1890), Mr. W. R. Pidgeon (elected 1891), and 
Dr. 5. G. Mostyn (elected 1896), all Life Fellows of the Society; also of Mr. R. W. 
Forsyth (a former Recorder of the Society, elected 1898), Mr. J. S. Percy (elected 1918) 
and Mr. F. S. Spiers (elected 1926). 


The number of Honorary Fellows on the Roll on December 31, 1926, was 12, the 
Maximum permissible number. At the same date Ordinary Fellows numbered 666 
and Students 12. The changes in the Membership of the Society during the year are 
Shown in the appended table :— 


Total Total | 
= Dee: 31, 1925. Changes during 1926. Dec. 31, 1926. | 
Honorary Fellows... 11 Elected a sige S6are alll | 
| | | 
| Nets increaSeammrre sag AL 12 | 
Ordinary Fellows ... 640 Elected... oy 88. | 
Student transfers ... afer 9 | | 
47 
Deceased Bee ee lel 
Resigned orlapsed ... 10 | 
pal | 
INeEimerease seen Boon Aa) 666 
Students ... ee 16 | Elected ... sai as LD | 
| Transferredto Fellowship... 9 | 
| sea 
INetid ectedse mmm. ge OA 12 
Total Membership 667 | Net increase  ... saon 690 | 


REPORT OF THE TREASURER. 


The Expenditure during the past year exceeded the Income by /1 6s. ld. This 
is due to the increased cost of the Proceedings. The number of pages in Volume 38 is 
greater than that in Volume 37 by 139, and the cost of the Proceedings in 1926 was 
£161 5s. greater than in the preceding year. 


The Council is again indebted to the Council of the Royal Society for a grant of 
£100 towards the cost of publications. 


The investments have been valued at market prices through the courtesy of the 
Manager of the Charing Cross Branch of the Westminster Bank. Owing to the rise in 
value of securities during the year, the market value of the Society’s investments 
(including the Trust Funds) increased during the twelve months by £11. 
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ELECTION OF OFFICERS AND COUNCIL. 


Ae The following Officers and Members of Council were elected for the yeat 
927-1923 :— 


President.—Prof. O. W. Richardson, M.A., D.Sc., F.R.S. 


Vice-Presidents (who have filled the office of Presideut).—-Sir Oliver J. Lodge, D.Sc., 
F.R.S., Sir Richard Glazebrook, K.C.B., D.Sc., F.R.S., C. Chree, Sc.D., LL.D., F.R.S., 
Prof. H. Ll. Callendar, M.A., LL.D., F.R.S., Sir Arthur,Schuster, Ph.D., Sc.D., F.R.S., 
Sir J. J. Thomson, O.M., D.Sc., F.R.S., Prof. C. Vernon Boys, F.R.S., Prof. C. H. 
Lees, D.Sc., F.R.S., Prof. Sir W. H. Bragg, K.B.E., M.A., F.R.S., Alexander Russell, 
VEAL DD Scr PRE Sas kwh) somite. BE oR S: 


Vice-Presidents.—_E. H. Rayner, M.A., Sc.D., Prof. E. A. Owen, M.A., D.Sc., D. Owen 
B.A., D.Sc., Prof. F. L.. Hopwood, D.Sc. 


Secretaries.—Prof. A. O. Rankine, O.B.E., D.Sc., Imperial College of Science and 
Technology; J. Guild, A.R.C.S., D.I.C., National Physical Laboratory, Teddington, 
Middlesex. 


Foreign Secretary.—Sir Arthur Schuster, Ph.D., Sc.D., F.R.S. 
Treasuvey.—R. S. Whipple, 45, Grosvenor Place, S.W.1. 


Librarian.—J. H. Brinkworth, M.Sc., A.R.C.S., Imperial College of Science and 
Technology. 


Ordinary Members of Council.—R. W. Paul, Prof. A. M. Tyndall, D.Sc., T. Smith, 
B.A., A. Ferguson, M.A., D.Sc., J. S. G. Thomas, D.Sc., D. W. Dye, B.Sc., Sir Richard 
Paget, Bart., Prof. E. N. da C. Andrade, D.Sc., Ezer Griffiths, D.Sc., F.R.S., A. B. 
Wood, D.Sc. 


PRESENTATION OF THE DUDDELI, MEDAL, 


The PRESIDEN’, on behalf of the Council, presented the Duddell Memorial Medal 
for 1927 to Mr. F. TwyMaAN, F.R.S., after making the following remarks :— 


The Council of the Physical Society, at its meeting on December 10, 1926, awarded 
the Fourth Duddell Medal for meritorious work on scientific instruments and materials 
to Mr. F. Twyman, F.R.S. The firm of Adam Hilger, Ltd., of which Mr. Twyman 
has for many years been both managing and technical director, enjoys, and enjoys 
deservedly, a reputation for the production of optical instruments employed in physical 
research which is not approached by that of any other firm in this or any other country. 
To quite a remarkable extent the fundamental researches which have led to the formation 
of the current conceptions of the nature of matter have been carried out with the aid 
of instruments of the necessary high degree of precision constructed in the Hilger work- 
shops. ‘The production of these instruments has frequently involved the solution of 
problems which have only been met successfully through Mr. Twyman’s persistence 
and resourcefulness. 
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In addition to the services rendered to the cause of pure science, Mr. Twyman has 
carried out notable work on a number of technical problems. Two may be specially 
mentioned. His investigations on the annealing of glass (which incidentally led to 
“Twyman’s Law’ on the influence of temperature upon the mobility of the melt) are 
of fundamental importance, and his instruments for controlling this operation have 
been of service to all branches of the glass-making industry. These investigations 
have been an important factor in securing home supplies of reliable glassware for scientific 
purposes. Moreover, during the war, they led to a notable increase in the output of 
optical glass, by substituting for the traditional routine a novel scheme of annealing, 
which, without any deterioration in the quality of the product, enabled the time occupied 
in this operation to be greatly reduced. 


As another example of technical work, the extensive series of Hilger Interferometers 
may be mentioned. ‘The Michelson type of interferometer has been modified and adapted 
to a large number of special uses of interest to the optical industry. By the use of these 
instruments accurate measurements can now be made of the defects of all manner of 
optical parts and instruments, whether these defects are due to faulty design, imperfect 
workmanship or defective material. It is characteristic of Mr. Twyman that these new 
instruments were immediately used not merely to measure the defects, but also as a 
means of removing them. 


VOTES OF THANKS. 


The following votes of thanks were carried by acclamation : To the Hon. Auditors 
(proposed by Prof. A. M. TyNDALL, seconded by Mr. J. BRINKWoRTH), to the retiring 
Officers and Council (proposed by Dr. J. S. ANDERSON, seconded by Dr. EZER GRIFFITHS), 
to the Governors of the Imperial College of Science (proposed by Dr. J. VINCENT, seconded 
by Mr. R. W. PAUL). 


ORDINARY MEETING FOILOWING THE ANNUAL GENERAL MEETING. 


The Presidential address was delivered by Prof. O. W. RICHARDSON, M.A., D.Sc., 
F.R.S., who took as his subject, “‘ The Present State of Atomic Physics.” 


A vote of thanks to the Jecturer was proposed by Prof. CH. FABRY, seconded by 
Mr. F. TWyMan, and carried by acclamation. 


February 25, 1927. 


The TWELFTH GUTHRIE LECTURE was given by Prof. Sir ERNEST RUTHERFORD, 
O.M., D.Sc., P.R.S., who took as his subject, “‘ Atomic Nuclei and Their Transformations.” 


A vote of thanks to the Lecturer was proposed by Sir RICHARD T. GLAZEBROOK, 
F.R.S., seconded by Mr. J. H. Jeans, Sec. R.S., and carried by acclamation. 


Proceedings of the Physical Soctety. XVil 
March 11, 1927. 
The following Papers were read :-— 


1. “The Measurement of the Absorption Coefficients of Light Filters,’ by G. M. 
B. Dogsson, D.Sc., and I. O. Grirritra, M.A. 


2. “A Comparison of the Behaviour in Thermal Diffusion of Nitrogen and Carbon 
Monoxide, and of Nitrous Oxide and Carbon Dioxide,” by T. lL. Ipps, M.C., Ph.D., and 
I,, UNDERWOOD, M.Sc. 


3. “‘The Relighting of a Neon Lamp when Momentarily Extinguished at Voltages 
below the Striking Potential,” by R. R. Nimmo, M.Sc. 


4. “ The Electrification of Dust Clouds,” by G. B. DEODHAR, M.Sc. 


March 25, 1927. 
FE. H. RAYNER, M.A., D.Sc., in the Chair. 
The following Papers were read :—- 


1. ‘Acoustical Experiments with a Mechanical Vibrator,” by E. MALLETT, D.Sc. 


2. “The Stationary Wave Method cf Measuring Sound Absorption at Normal 
Incidence,” by EH. T. Paris, D.Sc., F.Inst.P. 


3. ‘A Ball and Tube Flowmeter Suitable for Pressure Circuits,’ by J. H. AWBERY, 
B.A., B.Sc., and EZER GRIFFITHS, D.Sc., F.R.S. 


A DEMONSTRATION of the Astrolabe and some other Mediaeval Surveying and 
Navigational Instruments was given by ALLAN FERGUSON, M.A., D.Sc. 


April 8, 1927. 
D. OWEN, B.A., D.Sc., in the Chair. 
The following Papers were read :— 


1. “A Gas Analysis Instrument based on Sound-Velocity Measurement,” by 
EzER GRIFFITHS, D.Sc., F.R.S. 


2. “The Scattering of X-Rays and the ‘J’ Phenomenon,” by B. L. WorsNop, B.Sc. 


3. ‘The Characteristics of Thermionic Rectifiers,” by Prof. C. lL. FORTESCUE. 


Xvill Proceedings of the Physical Society. 
May 13, 1927. 
The following Papers were read :— 


1. ‘The Theory of Luminescence in Radio-active Luminous Compounds,” by 
J. W. T. WatsH, M.A. 


2. “Distortion of Resonance Curves of Electrically Driven Tuning Forks,” by 
E. MALrLert, D.Sc. 


A DEMONSTRATION of an Electromagnetic Relay, with Separate Make and Break 
Points, for Temperature Regulations, was given by Mr. J. GUILD. 


May 27, 1927. 
The following Papers were read :— 


1. “A Duplex Reversal Key with Mercury Contacts,” by EZER GRIFFITHS, D.Sc., 
F.R.S., and EpGAR A. GRIFFITHS. 


2. “The Measurement of the Inductances of Four-terminal Resistance Standards,” 
by L. HartsHorn, A.R.C.S., B.Se., D-.C. 


3. ‘‘ Magnetic Disturbances and Aurora as observed by the Australian Antarctic 
Expedition at Cape Denison in 1912 and 1913,” by C. CHREE, Sc.D., LL.D., F.R.S. 


4. ‘‘Series in the Spectrum of Trebly-ionised Tin (Sn IV),” by K. R. Rao, M.A. 


A DEMONSTRATION of the Production of Splashes by Electric Discharge was 
given by Mr. G. L. ADDENBROOKE. 


June 3, 1927. 
D. OWEN, B.A., D.Sc., in the Chair. 


A LECTURE on the Forthcoming Solar Eclipse was delivered by E. H. RAYNER, 
M.A., D.Sc. 


Yume WO, Lev 
The following Papers were read :— 
1. ‘‘ The Latent Heat of Evaporation of Sulphur,” by J. H. AWBERY, B.A., B.Sc. 


2. “The Refraction and Dispersion of Carbon Tetrachloride,’ by H. LowrEry, 
M.Se., F.Inst.P. 
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3. “Regularities in the Spectrum of Ionised Neon,” by P. K. KicuLu, M.Sc. 


A DEMONSTRATION of the Schdnherr-Hessburgh Nitrogen Fixation Arc was 
given by Capt. G. I. Finca. 


June 24, 1927. 


The tollowing Papers were read :— 


1. ‘‘Newton’s Law tor the Emission of Heat in Carbon Dioxide,” by SyBm, 
MARSHALL, B.Sc., A.R.CS:, DIC. 


2. “Some Experiments with Sound Waves of High Frequency,” by S. R. 
HumBy, M.C., M.A. 


3. “Some Additional Refinements for Precision Balances,’ by J. J. MANLEv, 
M.A. 


A DEMONSTRATION of the Use of a Magnetron to Indicate the Rise of Current in 
an Inductive Circuit, was given by D. OWEN, B.A., D.Sc. 


June 28 and 29, 1927. 


An ExcurRSION to Richmond, Yorkshire, was arranged for the purpose of witness- 
ing the Solar Eclipse ot June 29, 1927. 
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XXIX.—A DUPLEX REVERSAL KEY WITH MERCURY CONTACTS. 


By EpeGar A. GRIFFITHS, Government Physicist, Union of South Africa; and EZER 
GRIFFITHS, D.Sc., F.R.S., Physics Department, National Physical 
Laboratory. 


Received April 26, 1927. 


ABSTRACT. 

The key emplovs mercury contacts and is enclosed in a glass casing. The two upper fixed 
contacts consist of downwardly projecting copper rods, the two lower fixed contacts of cups 
containing mercury, and the two movable contacts of downwardly projecting copper rods (which 
enter the fixed cups in one position of the switch) surmounted by cups containing mercury (which 
receive the fixed rods in the other position of the switch). The connections are those of a 
reversing switch, and the middle contacts can be raised or lowered by turning a vertical shaft 
which is retained in either position by a jockey spring. 


many experiments it is desirable to have the means for reversing two or more 
circuits without introducing either variable contact resistances or uncertain 
thermal electromotive forces into the circuits. 
The key illustrated in Figs. 1 and 2 was constructed about seven years ago, 


Mereury Rod connected wilh 
oa bottom left-hand cup 


Fs ~Ebonile 
Lopper flexible — 


Conduelor y+ 


Fixed collar 
will spiral groove 


Guide pin 


i@veners 


and has proved to be so convenient in a variety of tests that a brief description of 
it may be of value to others. 

To the base of the key four mercury cups are attached. Above these, and 
capable of displacement vertically, are four mercury cups w.th stout copper rods 
projecting beneath. Fixed to the top of the key are four similar copper rods. 
These various cups and rods are interconnected as shown in Fig. 3. By a partial 
turn of the knurled head the movable set of cups is brought up against the four 
fixed rods projecting from the top of the key. By a reverse turn the four copper 
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rods projecting beneath the movable cups are brought into contact with the 
bottom of the cups fixed to the base. 

The mechanism tor translating the partial rotation of the knurled head into a 
vertical displacement of the cups will be understood from a study of I'ig. 2. A 
guide pin attached to the shaft is constrained to travel along a spiral groove in a 
fixed collar and thereby the shaft is displaced longitudinally when the knurled 
head is twisted. 

In both positions spring pressure is brought into action to press the contacts 
together. This is effected by fastening a spring to a radial arm fixed on the lower 
end of central shaft operating the key. The setting of the radial arm for the “ up ”’ 
and ‘‘ down” positions respectively is shown in Fig. 4. It will be observed that 


BIGH os Fic. 4. 


the maximum extension of the spring corresponds to the midway position of the 
movable cups, so this is a position of neutral equilibrium and a small movement 
in either direction allows the spring to pull the contacts together, thus avoiding 
a variable mercury film resistance. i 

To eliminate, as far as possible, thermoelectric effects, the key is cased in a 
thick glass cylinder and the terminals are covered with an ebonite shield. All 
terminals, connecting straps, etc., are of copper. 

The authors wish to thank Mr. F. H. Murfitt for his suggestions and 
skilful construction. 
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XXX.--THE MEASUREMENT OF THE INDUCTANCES OF FOUR- 
TERMINAL RESISTANCE STANDARDS. 


By L. Hartsnorn, A.R.C.S., B.Sc., D.JI.C., Electrical Department, National 
Physical Laboratory. 


Received April 26, 1927. 


ABSTRACT, 


The measurement of the effective inductances of ‘‘ four-terminal ”’ resistances or “ shunts ”’ 
is discussed. The method of measurement developed in the Paper is an application of the Kelvin 
Double Bridge, used with alternating current, the phase angle adjustment being obtained by 
condensers shunting the ratio arms. The procedure to be adopted for eliminating or evaluating 
corrections due to “leads” is described, and the advantages of the bridge in being free from 
stray fields, practically independent of frequency, capable of use with almost any desired current 


| strength, and, moreover, very easy to work, are pointed out. Results of measurements made by 


this method on a series of typical shunts are recorded. 


ce 


OUR-terminal resistance standards or ‘“‘ shunts’? are widely used in precision 
alternating current measurements, their function being to provide a potential 
difference which is in phase with, and proportional to, the current flowing through 
them. Fig. 1 is a diagrammatic representation of such a shunt. The current J 
enters and leaves by the “current leads” C, and C,. The potential difference 
measured is that existing between the “ potential terminals’ P,; and P,. In the 
ideal case, this potential difference is given by 


VE 
where R is the resistance of the shunt. In actual practice, the potential difference 


V is never exactly in phase with the current J. We may regard it as consisting of 
two components, a large one, RJ, in phase with the current, and a small one, ,wL/, 


_ in quadrature with the current. Thus we may write 


V=(R4jLw)I, 


where j is the operator rotating through a right angle, and the frequency is w/2z. 
The quantity L in the equation is defined as the inductance of the shunt, while R is 
the resistance. The object of the present Paper is to describe a method for the 
measurement of the inductance L. 

Two factors contribute to the quantity L—viz., the self-inductance of the shunt 
between the tapping points f, and #,, and the mutual inductance between the 
potential leads /,, /,, and the whole circuit in which the current J flows. Thi; mutual 
inductance component may oppose the self-inductance. In order that the inductance 
L may have a definite value for any particular shunt, it is obviously necessary that 
the current and potential circuits be arranged so that there can be no mutual induc- 
tance between the connecting leads which are attached to C, and C,, and those 
attached to P, and P,. Thus, the two current terminals must be near together, as 
also must the two potential terminals, and moreover these two pairs of terminals 
must not be near each other. In what follows it will be assumed that these condi- 
tions are satisfied. When using the shunts, the external leads connected to the 
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potential terminals must be twisted together, and the leads to the current terminals 
must be similarly treated, since any open loop in the leads is likely to affect the 
mutual inductance between the potential and current circuits, and so have the effect 
of altering the value of L. 

Previous METHODS. 

A number of methods of measurement of the self-inductances of standard shunts 
has already been described. A. Campbell has given a general account of these in 
Glazebrook’s Dictionary.* At the National Physical Laboratory, two alternating- 
current potentiometer methods, developed by Mr. Campbell,} have been in use for 

some years. These methods make use of a mutual 


See eee inductance as a standard of phase angle, and as it 
nike es is generally necessary to work at telephonic fre- 

Ci Cz quency, errors due to impurity of the mutual induc- 
tance are liable to occur. The measurement is in 

Us la any case a difficu.t one, since the circuits contain a 

Pa P2 number of inductive coils, and it is essential to make 

sure that the stray fields of these coils are not 

Fig. 1. introducing an undesirable E.MF. into any part of 


the circuit. Induction directly into the telephone 
detector is liable to be very troublesome. It was on this account that the 
author was led to consider the application of the Kelvin Double Bridge to this type of 
measurement. Arrangements of this bridge for alternating current measurements 
have been described by Sharp and Crawford ¢ and by Wenner,§ using inductances in 
series w.th the ratio arms for the inductance balance. Sharp and Crawford remark 
that stray field effects are apt to be very serious when this is done, and on that 
account preferred to use a separately excited dynamometer as detector, obtaining 
the resistance balance by in-phase excitation, 
and adjusting for zero deflection, and then 
deducing the inductance relations by observa- 
tion of the deflection with quadrature 
excitation. The procedure adopted by 
Wenner, though capable of high accuracy 
appears to be somewhat exacting, since no 
less than three simultaneous double balances 
are required, and the stray field difficuity 
has to be attended to. In the method 
developed by the author, no inductive coils iS ° 
are used, and thus stray fields are reduced to 
4 minimum, The quadrature balance is 
obtained by variable condensers shunting 
the ratio arms. It subsequently appeared that this same condenser adjustment 
had been used some time ago by Schering,|| but as the development of the method 
is very different in the two cases, and the method used at the National Physical 


Fig. 2. 


* Dictionary of Applied Physics, Vol. 2, p. 441. 

+ A. Campbell, Proc. Phys. Soc., Vol. 29, p. 345 (1917). 

{ Sharp and Crawford, Trans. A.1E.E., Vol. 29, p. 1540 (1910). 
§ Wenner, Bull. Bur. Stds., Vol. 8, p. 559 (1912). 

|| Schering, ela Z ay Vol. 34, p. 421 (1917). 
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Laboratory is particularly easy to work, and need require no very special 
apparatus, it is considered worth while to describe it in some de‘ail. Other 
methods of measuring the inductances of shunts are described by Wenner, 
Weibel and Silsbee.* These, like Campbell’s methods, are independent of standards 
of calculated inductance, but require special apparatus, and are not likely to be 
very quick in operation. 


THEORY OF THE METHOD. 

Fig. 2 is a diagrammatic representation of the bridge. P and R are four-terminal 
shunts to be compared for inductance. @Q and S are the main ratio arms, and a and 
B the auxiliary ones. Let P, R, Q, S, a, B be the impedance operators of the various 
coils. The potential terminals of the coil P are connected to the ratio coils aQ by 
means of twinned leads, and there is a similar pair of leads connecting the coils f 
and S to the potential points of R. Let p, £5, fa, fs be the ‘mpedance operators of 
these leads, and mp, mg their mutual operators ; also let d be the mpedance operator 
of the link connecting the current terminals of P and R. Let the mesh currents be 
1, 1,, 73, aS in Fig. 2. When the bridge is balanced the currents in the meshes aGQP, 
BRSG must be equal, as indicated (7,). 

Applying Kirchhoff’s equations to the network we obtain, as conditions of 
balance the equations 


(iLi,)P+ (ig —i,)(a+p.-+mp)+i(Q+botm)=0, . . . . (I) 
(FH4,)R+ (ig —i,)(B+D +p) +ie(Stbstmm)=0, 2... 2) 
(1-41) —(t2 —1;)(a+p.+B+P,) —t2(mptmp)=0. © . . . (3) 
Rewriting (1) and (2) we have 
(i+i,)P+(é,—i,)(P+at+p.t+mp)+ig(Q+bq+me)=0, . . (4) 
(i-+4,)RH (ig -i,)(R+P+P, +p) +ie(S+h3+m_)=0. . . (5) 


Now let the connector d be removed, and the bridge again balanced. The mesh 
currents are now 7; and 7, (Fig. 3), and the conditions of balance are 


(ig+24)(P+a+patmp) +ts(Qt+patmep) =9, ee i 
ee are ee ey 


whence 

(P+a+p.+mp)/(R+B+Pp+meg)=(O+Pa Fmp)/(S rps) =F (say) . (8) 
If now the bridge arms can be adjusted so that the bridge is balanced both when the 
link d is inserted, and when it is removed, then equations (3), (4), (5) and (8) must 
hold for all values of the current 7. Now, evaluating (4) —A (5), we find, on sub- 


| stituting (8), 


(1+72,)(P —kR)=0. 
- Thus, the condition for simultaneous balance is 
P/R=k=(0-+Poqtmp)|(Stbstmp)=O')S 2... 9) 


* Wenner, Weibel and Silsbee, Bull. Bur. Stds., Vol. 12, p. 11 (1915). 
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P,R,Q’,S’ are vector impedances. Let their phase angles be Op, 9, 99’, 6,’. Then 
in order that equation (9) may hold, the relation between the phase angles must be 
Op —Op=9Q' —9s’. oO anne 
If Rp and Ly are the resistance and effective inductance of coil P, we may write, in 
the usual notation, 
P=Rp+jwLp, and similarly 
R=kg+jwlp 
The arms Q and S will usually consist of coils of resistance Rakg and inductances 
Lalg, shunted by capacities CQ@Cg, in order to obtain the balance. Thus, to a first 
approximation 
Q=Ratjw(La—Caka’), 
S=Rg+jw(Ls —CgRs’). 
We have also 
Pa=lqtivla, 
ps=1stJuls, 
and since mp and mp represent practically pure mutual inductances 
Mp=]wMp, 
Mp=jwMR. 
Q' and S’ in equation (9) are evidently given by 
S'=Rs+7g+jw(Lgtlst+Mp —CgRg?). 
Now, PRQ’S’ represent impedances of very small phase angle. Thus, to a sufficient 
approximation for all practical purposes we may write 
Op=tan Op=Lpw/Rp=Tpw, 
where Tp is the time constant of P, andsoon. Thus equation (10) may be written 
Lp/Rp —Ly/Ra=(LatlgtMp) /(Rat7q) —(Est4st+Ma)/(Rs 17s) 
—CQRQ?/(Ra+7q) +Csks"/(Ry +73), 
or, since the leads resistances 7g and 7g are negligible compared with Rg and Rg 


Lp|Rp —Ly/Rp=Le/Rq —Ls/Rs+Csks —Cakat{ (lat Me) /Ra —(ls+Mp)/Rs} (11) 


This is the equation to be used for determining Lp/Rp. The quantities Ly/Rp, 
LQ/Ra, Ls/Rs, CsRs, CaRq are usually known, while the term in brackets may be 
regarded as a correction term depending on the self and mutual inductances of the 
leads. 

This correction term is usually very small, and may be neglected in practice, 
except for work of the highest precision. In such cases it may be evaluated as follows. 
Suppose that the conditions of simultaneous balance have been obtained as pre- 
viously described. Let Cg be the reading of the condenser shunting the arm S. Now 
transfer the current supply leads from the points (1) (2) to the points (3) (4) (Fig. 3), 
and, the link d being removed, again balance by varying the arm S. Let Cg,’ be 
the new reading of the S condenser. The value of Rg will only need altering by an 
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amount which is negligible, from the point of view of phase angle. The orig nal 
condition of balance is given by (8). If the mesh currents 73, i, become i, i, in the 
final balance, we have, as the equations for balance, 


(t5+%) (P+Pytp.t2mp+a) + 4.2 =0, 
(ts +1) (R+pgt+Pst2mp+B) + 16S’ =0, 


giving (PHatpathat2mp)|/(R+ B+p3t+h,+2mg)=Q/S'. . . . (12) 
as against the original condition, 
(P+atpatmp)|(R+B+Pst+mp)=(O+bq+mp)|(StPstmp)- «= (8) 


Now, each of these equations (8) and (12) involves a phase angle equation of the same 
form as (10). We may write down by inspection the difference of these two phase 
angle or time constant equations, remembering that the lead resistances are negli- 
gible compared with the coil resistances, as 


(gtMp)/(Rp+R,) —(ls+Mp) /(Ra+R,) 
= a ue s —Cs)Rg, 


(‘gt Mp) ( ) oe 
bs 1 1 =(C,’ —Cg) Rg. 
2 Ro tee ( a a ( 8 Cs)Rg 
Ns ae to a first approximation, the resis- 
tances obey the usual relation for the Kelvin 
R Double Bridge, viz. 
B Rp/Rp=RaQ/Rg=R,/Rz- 
2 
Hence we have 
14 14 
Ore. {(lg+Mp) /Rq —(ls+ Mu) /Re} 
Ai Ww 4 {1+Rg/(Rp+,)}=(Cs’ —Cg) Rs. 
Em Thus, the correction term required is given 
Fig.5. by 


{(Ja+Mp) /Re — (ls +Mp)/Rs} =(Rp+Ra) X(Cs’ —Cs)Rs/(RptRatR.) - (18) 

In practice Rp is usually small compared with Rg and R,, which are equal. We then 
have the very simple relation 

Correction=(C. Ca) Naldon se ee ee 4) 


PRACTICAL DETAILS AND PROCEDURE. 

It is evident from equations (11) and (13) that we have a means of finding the 
difference of time constant of two four-terminal shunts P and R, in terms of the 
time constants of the coils Q and S, and the values of their resistances and the capa- 
cities shunting them, when the above conditions are fulfilled. For Q and * we can 
use ordinary non-inductive ratio arms, of the order of 100 ohms and 1,000 ohms. 
Their time constants are likely to be of the order 10-8, and the difference between 
them can be measured, if necessary, with an error of about 10-®. Thus, since a 
standard shunt is not likely to have a time constant much less than 10-’, the values 
of the time constants of Q and S are not usually of great importance. 

The actual arrangement used is shown in Fig. 4. The two resistances P and R 
are connected in series to the current supply by means of their “ current terminals.”’ 
The go and return connecting leads are kept as close together as possible, so as to 
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avo:d any strong magnetic field. The ratio coils Q, S, a, B, are shielded coils of the 
type used in ordinary alternating current bridge work. Generally a Tatio ot 
100 ohms : 1,000 ohms was used. These coils were placed some distance (say, 
1 metre) away from the resistances P and R, so that the possibility of any undesir- 
able stray field effects from the main circuit is further reduced. The potential 
terminals of P and R are connected to the ratio arms, by means of twinned flexible 
leads as shown. In some cases these leads were two or three metres long, and it s on 
this account that the correction for their self and mutual inductances was evaluated. 
Since it is necessary to vary the resistances of the ratio arms, small siide wire resis- 
tances were included in B and S or a and Q. In most of the experiments made, 
current of telephonic frequency was used and a telephone receiver was used as the 
detector G. This is con- 
venient, since it allows the 
necessary sensitivity for time 
constant to be obtained with 
a smaller current than is re- 
quired at lower frequencies. 
The bridge is, however, in- 
dependent of frequency to 
a first approximation, and 
measurements were also 
made at a frequency of 50~, 
in which case a vibration 
galvanometer was used as 
detector. The phase angle 
adjustments were made by 
means of two variable air 
condensers, Cg and Cg, in 
Fig. 4. These had maximum 
values of about 0-002 wF. In 
some cases their ranges had 
to be extended by the use of 
fixed mica condensers in 
parallel with them. In order 
to locate definitely the 
potentials of the various coils 
with respect to earth, the 
outer current terminals of P and R were shunted by two resistances X and Y in 
series, their common point E being earth connected. The values of X and Y 
were chosen to satisfy approximately the relations X/Y=P/R=Q/S=a/B. Thus, 
when the bridge is balanced, the common points of PR, af, QS will be approxi- 
mately at the same potential as E. The detector G will, therefore, be at earth 
potential, and no undesirable earth capacity effects are likely to be introduced. 
The shields of the condensers C, and Cg were connected to the galvanometer 
side of B and S respectively. The shields of the coils aBQS were earth connected. 
Under these conditions, the balance point of the bridge is very stable, and the 
bridge very easy to work. Reversing the connections to the current supply and 
the detector causes no change in the balance point. 


To current 
supply, 


Fig. 4. 
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The procedure was as follows. The bridge was connected up as in Fig. 4, the link 
da being made as low in resistance as possible. Balance was obtained by varying the 
resistance and capacity of the S arm. The link d was then opened, and the bridge 
again balanced by varying the resistance and capacity of the B arm. The link d 
was then again joined up and balance once more obtained by varying the S arm. 
Usually the adjustment required at this stage was only very slight, and the bridge 
was then found to be balanced when the link was either closed or open. Current 
was now applied to the bridge at the points (3) and (4) of Fig. 4, the link d being 
open, and balance again obtained by varying the S arm. The amount of adjust- 
ment required for this was only very small. As explained above, it represents the 
effect of the self and mutual inductance of the leads running up to the potential 
terminals of P and R. If Cg is the reading of the S condenser for the first simul- 
taneous balance, and C3’ is the final reading of this condenser, we have from equa- 
tions (11) and (13) 

Lp/Rp —Lr/Ra=La/Raq —Ls/Rs+CsRs —CoRg 
+(Rp+R,) X(Cs’ —Cs)Rs/(Rp+RatR,). . . (15) 

In general, it is not necessary to have condensers across both the Q and S arms, 
and the term CgkgQ is thus usually zero. The quantity (Lg/Rg—Ls/Rs) may be 
regarded as a small correction dgg, which is known, or which can be measured by 
any of the usual methods. Further, Fp is usually negligible compared with Rg and 
R,, which are equal. The working equation, therefore, becomes 

Lp/Rp —Lz/Ra=CsRhs3+6as+3(Cs’ —Cs) Rg, 

=4(Cs+Cs3') +dgs. 

The points (3) (4) (Fig. 4) should, of course, be brought as near together as possible, 
so that current can be brought to them through bifilar twisted leads, which will 
induce no stray E.M.F.s into the coils aBQS. It is important to make the link d as 
low in resistance as possible, for the smaller this resistance compared with P and R, 
the less is the effect on the balance point of the values of a and f,and, therefore, the 
easier it is to obtain the condition of simultaneous balance. 


THE PRIMARY STANDARD. 


It will be observed that the bridge method can only give the difference of the 
time constants of two shunts. Thus, it is necessary to have at least one shunt of 
known time constant before values can be obtained for others. The ultimate stan- 
dard used in these experiments was a 1 ohm four-terminal resistance, the effective 
inductance of which was calculable from its dimensions. This was designed by 
Mr. S. Butterworth, who has kindly supplied the following particulars. The resis- 
tance consists of a rectangular loop of Eureka wire C,STUVC, (Fig. 5), C, and C, 
being the current terminals. Two brass contact pieces X and Y make contact with 
this loop at the potential points Sand V. From the contact pieces X and Y potential 
leads proceed parallel to the sides of the main resistance loop, o the potential 
terminals P, and P,. The various wires are located by passing through holes in the 
ebonite spacing pieces shown in Fig. 5. The current and potential terminals are as 
far apart as possible, so that the pairs of leads connecting them to the measuring 
circuit will not induce E.M.F.s into one another. In order to calculate the effective 
inductance, we have to evaluate 
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(a) The self inductance of the rectangular loop STUV, between the potential points 


Sand V. 
(b) The mutual inductance between the potential leads XW, YZ and the sides of the 
loop STUV. 
(c) The small correction terms due to the extensions C,S, C,V, WP,, and ZP, ot 
the leads. 


If the dimensions are as shown in Fig. 5 then neglecting the effect of the leads 
(c) the inductance is given by the formula 


L=4B log, {Dd/R(D+4)}, 


R being the radius of the wire. The actual values were D=9-68 mm., d—4-64 mm., 
B=10-0 cm., R=0-154 mm., giving L=130 cm.—0-130 wH. With the dimensions 
of the leads shown in Fig. 5 the correction due to these was found by calculation to 
be —0-006uH. Thus the final value for the inductance is L=0-124yH. 

The time constants of 1 ohm resistance standards were determined by direct 
comparison with this calculated standard, using the method described above, with 
equal ratio arms, either 100 : 100 ohms, or 1,000 : 1,000 ohms. Standards of 
0-1 ohm resistance were compared with a 1 ohm resistance using a ratio of 100 : 1,000 
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ohms ; 0-01 ohm standards were compared with a 0-1 ohm standard using the same 
ratio, and so on down to 0-0005 ohm. Ratios other than 10 : 1 are sometimes used, 
but in general this is the most convenient. The accuracy in time constant obtain- 
able on the shunts of very low resistance is of course somewhat less than that on 
shunts of 1 ohm and 0-1 ohm, since the errors of the various intermediate steps will 
be cumulative. The time constants of these low resistance shunts are, however, 
always higher than those of greater resistance, and it is not possible to use them 
with the same degree of precision, so that this point is not of great practical import- 
ance. 

When no standard of calculable inductance is available, it is possible to proceed 
as follows. Take an ordinary 10 ohm resistance coil, and use it as a four terminal 
res stance, simply by using its terminals as both current and potential terminals. 
Its inductance as a four-terminal resistance may be taken as practically the same 
as its ordinary value as a two-terminal coil, which is readily measurable. There 
will, of course, be small errors due to the mutual inductance between the coil and the 
potential leads used, but if each pair is twisted to, ether, and they are disposed so as 
to make this mutual inductance small, the effect on the time constant L/R will be 
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negligible, owing to the comparatively large value of R. A 1 ohm shunt may thus 
be evaluated in terms of a 10 ohm coil used in this way, and results so obtained were 
found to agree with those obtained by comparison with the calculated standard with 
an error of less than 1 X10~8 in time constant. 


TYPICAL RESULTS. 


The time constants and effective inductances of a number of four-terminal 
resistances of various types have been determined by this method. The resistances 
varied from 1-0 ohm and 0-1 ohm for coils such as are used in alternating current 
bridge and potentiometer work, to 0-:0005 ohm and 0-001 ohm, for shunts capable of 
carrying one or two thousand amperes, such as are used for power measurements, 
and for testing current transformers. The results are given here, since they may be 
regarded as being fairly typical, and as indicating therefore the probable order of 
error involved in using apparatus of the particular type in question. 

The measurements were nearly all made with current of frequency 800 cycles 
per second. The use of high frequency increases the value of the quadrature com- 
ponent of voltage, relatively to the in-phase component, and thus makes the measure- 
ment of this quadrature component in a sense easier. In making measurements with 
shunts of 1 and 0-1 ohms, a current of 0-25 ampere gave sufficient sensitivity. For 
the 0-001 and 0-0005 ohm shunts, a current of 5 amperes was required. The detector 
was an ordinary 120 ohm telephone receiver of the Bell type. 

The heavy current resistance standards are used almost exclusively at power 
frequencies, and thus the value of the inductance at 50 cycles per second is the value 
actually required. It was found, however, that for all the resistances tested the 
inductance is sensibly independent of the frequency up to about 1,000 cycles per 
second. It is an advantage of the bridge that the balance point is practically inde- 
pendent of the frequency, and thus to find out whether the inductance varies appre- 
ciably with the frequency, it is only necessary to raise the frequency from, say, 
500~ /sec. to 800~ /sec., and to note the change of balance point. In general the 
resistances are found to change slightly, but not so the inductances. 

The possibility of the effective inductance changing with varying current 
strengths must also be considered. Any change in the inductance as the current 

strength is increased can only be due to one of two things, viz. :— 

(a) A change in the distribution of the lines of flow of the current ; 

(b) A change in the geometrical configuration of the shunt. Such changes 
will not occur in a well-designed shunt. Changes in the distribution of the lines of 
current flow will, of course, give rise also to changes of resistance, and these are 
easily detected. Bending and warping of the resistance alloy does occur in some 
cases, due to the heating effect of the current, but such shunts cannot be regarded 
as standards, from the point of view of phase angle, since the value of the phase 
angle will always be subject to considerable uncertainty. The inductance of a 
well-designed shunt must therefore be independent of the current strength. The 
method does, of course, present the advantage that it may be used with a'most any 
desired value of current. It is merely necessary to obtain a shunt capable of use as a 
comparison standard, which will carry the maximum current required without 
distortion. 

As an illustration of the order of the quantities invo:ved in these measurements, 
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the following observations, made on a bridge set up for the comparison of two shunts 
of resistances 0-1 and 1 ohm respectively, are given, 


Rp=0-1 ohm. Rg=100 ohm. R,=50 ohms. 
Rp=10 ” Rg=1,000 ” Rzg=500 ” 


The bridge arms S and f were provided with small slide wire adjustments of resist- 
ance, and were shunted with variable air condensers. When the first simultaneous. 
balance was obtained, the reading of this condenser Cg was 1,330 wuwF =1,330 x 10 GM 
farad. The current supply leads were now transferred to the points (3) (4), Fig. 3, 
the unk d removed, and balance again obtained by adjusting the arm S. The new 
reading of the condenser was Cs’=1,342 wul. The readings of the various resis- 
tances Rgks, etc., were not noted in detail, since they were always within about 
0-5 per cent. of their nominal values, and thus their actual values are of no conse- 
quence from the point of view of inductance measurement. Similarly, the reading 
of the condenser across the arm f is not required. The time constants of the ratio 
arms Q and S were known from two-terminal measurements to be 0:6 10-8, and 
1-3 10-8 respectively, thus giving rise to the correction term dgs=La/Ra —Ls/Rs 
——0-7x10-8. The time constant of the 1 ohm standard R, had been found by 
comparison with the calculated standard to be Lp/Rp=1-6 x107%. Thus, from 
equation (14) we find 


Lp/Rp -1-6 X10-8= —0-7 x 10-8133 X 10-84 X12 x10-9, 


giving Lp/Rp=134-, 10-8, and therefore Lp=0-134uH. The various correction 
terms are seen to be almost negligible. The values obtained for a series of typical 
shunts are given in Table I. 


TABLE I.—Effective Inductances of Typical Shunts. 


| ME se a) - | Maximum Time Effective 
(ohms). | ype. | current constant inductance 

| (amperes). (second). (microhenry). 
1-0 NPL. | 0-5 | 1-6 x 1078 0-016 
1-0 Drysdale-Tinsley. 3 USES IDE 0-75 
0-1 5s | 22 | 1341077 0-134 

| 1-0 N.P.t. Box. | 2 | Peay SI 0-231 

0-1 a | 29 2-3 < 10"? 0-023 
0-04 i 50 2:0eX 107? 0-008) 
0-02 INGE We lube: 100 2:9 < 1057 0-605, 
0-01 | 50 200 4-1x10° 0-004, 
0-604 | i | 500 | WS below 0-006, 
0-062 os 1,000 al Seg 0-002, 
0-001 5 2,000 32) elm 0-003, 
0-005 Drysdale-Tinsley. 200 | 2:2 X10"? 0-001, 
0-001 " | 700 fe ee eer’ 0-001, 
0-0005 c 1,900 25 x1077 0-001, 


The shunts described in Table I as being of N.P.L. Box Type are air-cooled 
shunts, consisting of a number of bifilar loops in parallel. As is to be expected, the 
time constant is practically independent of the actual resistance, since all the loops 
are exactly similar and the required resistance is obtained simply by putting an 
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appropriate number in parallel. The ‘“‘ N.P.L. Tube ”’ type of shunt is the Paterson- 
Rayner* water-cooled tubular shunt. 

The inductances of some of these shunts can be calculated approximately from 
their dimensions—e.g., the Drysdale-Tinsley 0-001 ohm shunt consisted of two 
concentric cylinders, joined together at one end. The current is led in and out at 
the other end by “ current leads,”’ consisting of a pair of copper p'ates, parallel, and 
as near together as possible, so that they will produce practically no stray magnetic 
field, and the potential leads are very short, so that the mutual inductive effect 
associated with them is practically negligible. The mean diameter of the cylinder 
was 16cm.=—2R,say. Their length (/) was 15 cm., and the radial distance between 
them (/) was 0:35 cm. If a current J flows down the inner tube and up the outer 
one, then evidently the field is zero everywhere except in the annular space between 
the tubes. The mean field intensity in this region is 27/R, and thus the total flux is 
271 /R. The inductance, or flux per unit current, is thus approximately given by 
L=2H#/R=1-3 cm.=0-0013 wH. The measured value was 0-0014 wH. A few calcu- 
lated values given by Paterson and Rayner for their water-cooled shunts are given 
in Table II, together with the corresponding observed values. 


TABLE II.—Observed and Calculated Values of Inductance for Paterson-Rayner Shunts. 


Inductance. 
Shunt. — == 
Calculated (cm.). Observed (cm.). 
0-02 ohm 5-4 5:8 
0-01 s 3-4 4] 
0-002 _,, 3H7/ 2°2 
0-001; 3-0 3-2 


it would be near enough for many practical purposes. The differences are probably 
due partly to the fact that the conditions required by the formula used for the calcu- 
lations are only imperfectly realised in the shunts (there is in practice a gap in the 
middle of the potent'al sheath), and partly to the fact that the insulation between the 
tube and sheath has been renewed since the calculations were made, and that its 
thickness is now almost certa nly somewhat different from its original value. There 
is little doubt that the inductances of such shunts can now be measured with an 
accuracy greater than that obtainable by approximate calculations. 


DISCUSSION. 


Dr. A. RUSSELL congratulated the author on his obtaining definite results for a problem of 
great practical importance, which defied solution by the method of calculation. He inquired 
whether the effective inductance measured as described in the Paper included the shunt capacity 
inherent in the resistances and leads ? 

Mr. R. P. FUGE: I would like to add my hearty congratulations to Mr. Hartshorn for his 
very able and clear Paper. Iwas going to ask a very similar question to the one that Dr. 
Russell asked, that is as regards the possibility of the separation of the capacities associated 
with the inductances, more especially as regards the capacities of the leads? The author uses 
very long twisted leads, sometimes three metres long. I lately measured the capacity of twisted 
wire leads I was using, and similar twisted wire (leads) three metres long would have a capacity 


*C.C. Paterson and E. H. Rayner, Jour. I.E.E., Vol. 42 (1909) ; or, N.P.L. Collected 
Researches, Vol. 6, p. 99 (1910). 
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of, roughly, 100%yF. I would like to ask the author what effect that capacity (in the leads) 
would have ? 

Mr. G. W. BowDLER pointed out that even a capacity of 100uuF would produce only a 
negligible time constant when shunted across a moderately small resistance. 

Dr. D. OWEN said that while A.C. methods of measuring inductance were the most precise 
they involved the expenditure of much time and the use of expensive apparatus in order to 
ensure accuracy ; however, the results given in the present Paper conformed to the high standard 
expected of the National Physical Laboratory. In the measurement of small inductances it 
was important to eliminate the effect of adventitious capacities, and he noted the simple method, 
analogous to the Wagner earthing device, which was shown in Fig. 4 of the Paper. The time constant 
ofone ofthe two lohm resistances in Table I was 50 times smaller than that of the other, so that 
by careful design much could be done to eliminate reactance. Ina standard the resistance and 
the time constant must both be known accurately. The largest of the time-constants shown 
in the table corresponded, however, to a voltage error of less than 1 part in 1,000 at electric 
supply frequencies, and so was negligible for many practical purposes. 

The AUTHOR, in reply to the discussion, said that the shunt capacity of the standards 
considered in the Paper was negligible: a capacity of luF shunting 1 ohm gives an effective 
inductance of (—lyH), so that even 1004“uF would produce a negligible result. With higher 
resistances attention would have to be given to the length of the leads. The rough Wagner 
earth shown in the diagram sufficiently prevented errors due to stray earth capacities, 
but owing to the smallness of the resistances elaborate precautions in this connection were not 


called for. 
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XXXI— MAGNETIC DISTURBANCE AND AURORA AS OBSERVED 
BY THE AUSTRALASIAN “ANTARCTIC EXPEDITION AT’. CAPE 
DENISON IN 1912 AND 1913. 


ByeC eCoren “Sey LED) FIRS: 


IRecetved May 10, 1927. 


ABSTRACT. 


The Paper summarises the results obtained as to the diurnal variation of magnetic dis. 
turbance during 1912 and 1913 at Cape Denison (67° 0’S. lat., 142° 40’ E. long.), the base station 
of the Australasian Antarctic Expedition. The results are compared with corresponding results 
from Eskdalemuir and Cape Evans, the base station of the British Antarctic Expedition. The 
Paper also discusses the relations between magnetic disturbance and aurora at Cape Denison. 


Si. 

‘i any comparison between aurora and magnetic disturbance we encounter the 

difficulty that neither phenomenon presents itself naturally as a numerical 
quantity. Aurora may be confined to a small part of the heavens, or may cover a 
large part of the sky. It may be only a little way above the horizon, or it may extend 
to the zenith. It may be nearly stationary, or in rapid motion. The motion may 
be steady, or it may be of the most confused, turbulent nature. The colour may be 
a uniform yellow or greenish white, varying slowly in intensity, or it may be brilliant 
red, green, lilac or other colour, continually altering. The brightness and visibility 
of aurora depend largely on the absence or presence of moonlight or twilight. A 
bright aurora may be visible under conditions when faint auroraisnot. The presence 
or absence of cloud, haze, or even snowdrift, may be all important. Unless a con- 
tinuous outlook is maintained—hardly a possibility with ordinary resources—the 
accidental occurrence of cloud at an observation hour may prevent an aurora from 
being seen. In the Antarctic, overcast conditions and blizzard, with drifting snow, 
sometimes extend over several successive days. When data from a number of years 
are available, the influence of moonlight on the apparent diurnal variation of aurora 
should be satisfactorily eliminated ; but assurance that such has been the case can 
hardly be felt when only a few months’ data are available. Cloud and other meteoro- 
logical phenomena may have a sensible diurnal variation, and may react on the 
apparent diurnal variation of aurora. 


§ 2. 

While appreciating all these difficulties, I decided that for any comparison with 
magnetic phenomena an attempt must be made to assign numerical measures or 
characters indicative of greater or less auroral intensity. For the purposes of the 
investigation Sir Douglas Mawson sent me advanced proofs of the log of auroras 
observed at Cape Denison—the base station of the Australasian Antarctic Expedi- 
tion—in 1912 and 1913. To each observation of aurora I assigned a character 
figure, on the scale 0-5, 1-0, 1-5 and 2-0, answering to what may be roughly described. 
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as very faint, faint, bright and very bright aurora. The judgment was based entirely 
on the descriptive language. No attention was paid to the altitude or type, except 
that glows and patches were assumed of inferior intensity as compared with arches 
and curtains. Some allowance was made for unfavourable atmospheric cond tions 
when these were explicitly mentioned. It was assumed, for example, that aurora 
vis'ble in twilight or bright moonlight could not be very faint. For comparison 
with the magnetic phenomena it was necessary to employ Greenwich time, and to 
have hourly auroral character figures. On nights of bright aurora there were often 
several observations in the course of an hour. The auroral character accepted for 
the hour was the h’ghest assigned to any observation during the hour. Any hour 
on which one or more observations had failed to detect any aurora, under ordinarily 
favourab'e atmospheric conditions, was assigned the character 0-0. Hours during 
which no observation had been taken were disregarde I. 


The hours with character 0-0O—i.e., the hours when no aurora was detected 


under conditions affording a reasonable chance of its being seen—formed 323 per 
cent. of the whole. This implies that 673 per cent. of the hours which I had accepted 
as affording a reasonable chance of faint aurora being seen showed aurora. When 
assigning character figures I had only the auroral log to guide me. In his published 
volume* the conclusion reached by Sir Douglas Mawson himself is as follows: “‘ On 
52 per cent. of all hours of moderate twilight and darkness, and including all moon- 
light hours, when the sky was clear for observation, auroral hghts would be seen 
at least sometime within the hour.’’ Sir Douglas used local time, and included 
four months which I omitted, as unprovided with corresponding magnetic data. 
But the difference between us seems mainly due to my omitting a number of com- 
plete nights of bright moonlight, or other unfavourable conditions when no aurora 
was recorded. It seemed unnecessary to repeat my calculations, as the omiss:on 
of entire nights of bright moonlight could hardly affect the diurnal variation, or 
prejud:ce any other object which I had in view. 


§ 3. 


Since little attention has been given to the question of a numer-cal criterion of 
magnetic disturbance for shorter intervals, we naturally turn for guidance to sug- 
gestions made for the day.t For it we have in the first place the well-known inter- 
national scheme: 0 (quiet), 1 (moderately disturbed), 2 (highly disturbed). Various 
criteria have been proposed involving the first power of the daily range of one or 
more of the magnetic elements. Use has actually been made of AD and /H, the 
declination (D) and horizontal force (H) absolute daily ranges. A variant is Dr. 
Bauer’s proposal, H/\H, er the more complete H/AH-+V AV, where V denotes vertical 
force. Then, based on Bidlingmaier’s ‘“‘ magnetic activity,’ a quantity involving 
squares of departures from the normal, we have the sum of the squares of the 
absolute ranges of three rectangular components, or the sum of the squares of all the 
hourly ranges throughout the day. At a fixed station H and V, when used as mul- 
tipiers of AH and AV, may be treated as constants. Also it is fairly obvious that 
any reasoning which supports H/H as a criterion of disturbance must equally 


”? 


* Records of the Aurora Polaris, p. 144 
+ See Gerland’s Beitrige zur Geophysik, Rd. XV, p. 14 (1926). 
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support VAV. At a station near the magnetic equator VAV may be regarded 
as negligible compared with H/\H, but at Cape Denison, where V was roughly 20 
times H , it is the other way about. The use of the squares of hourly ranges as a 
criterion for the day’s disturbance suggests for the hour the squares of 5-minute, 
if not 2-5 minute, intervals. But the labour this would have entailed did not seem 
justified. There was also an obstacle to hourly D ranges. In view of the large D 
ranges encountered, the D magnetograph at Cape Denison was hypersensitive. In 
the course of a disturbed day use had to be made now of the one, now of the other, 
of the traces supplied by the two mirrors carried by the magnet. This would have 
added materially to the trouble of measuring hourly ranges during active disturbance. 

It seemed desirable, as a preliminary, to try criteria of three kinds, one employing 
the scale 0, 1, 2 applied to each hour, as first suggested by Bidlingmaier, a second kind 
employing the first power of the absolute range, and the third kind the second power. 
It seemed unnecessary to employ D, as it seemed unlikely to differ much from H, 
but it appeared desirable to consider H and V ranges separately. Their subsequent 
combination, if such appeared desirable, would present no difficulty. 


§ 4, 


A remark applicable to any criterion involving only the ranges during the 
included interval of time, whether a day.or an hour, is that it cannot directly measure 
disturbance, inasmuch as it contains a contribution from the regular diurnal inequality, 
which does not vanish on the quietest of days. All the criterion can do is to wax and 
wane with disturbance, but for our present purpose that is all we want. 

The problem presented by the hour has one difficulty, which, though not wholly 
special to it, is shared to only a minor extent by the day at an ordinary station. 
Owing to the annual variation in the daily changes, days at the beginning and end 
of a month will naturally, quite apart from disturbance, differ in their daily ranges. 
This difference is, however, comparatively small, at least inmost months. Relatively 
considered, it is trifling compared with the differences in the contributions made by 
the regular diurnal variation to the different hours of the day. 

At an English station, if we accepted the hourly range as our criterion, the 
resulting diurnal variation would hardly merit acceptance as a register of disturbance. 
But Cape Denison, fortunately for our immediate purpose, was not an ordinary 
station. In June, 1912, the month we intend to use for the preliminary inquiry, 
the average range within the hour was 24-7y in H and 29-3y in V, while the average 
hourly changes arising from the regular diurnal variation were respectively only 
2-4y and 4-4y. The intervals, moreover, between the highest and lowest values of 
the element within the hour were more nearly 30 than 60 minutes. Thus the influence 
of the regular diurnal inequality on the hourly range was even less than might 
appear at first sight. In neglecting it we introduce no larger uncertainty than we 
should do in assuming equally disturbed March days in England to have equal daily 
ranges. 

Another point to be remembered is that naturally 30 days contribute to each 
hourly value. Thus, the parallel case is not the derivation of the disturbance of a 
single day from the range at a single station, but the derivation of the average dis- 
turbance of a month at a particular station from the ranges of 30 days, or the deriva- 
tion of the disturbance during an individual day from the ranges at 30 stations. 
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The results of the preliminary investigation, confined to June, 1912—as being 
one of the chief auroral months—are given in Table I. The columns are numbered 
at the foot for facility of reference. Local time was really 9 hours 29 minutes fast on 
Greenwich time. Thus, the 60 minutes ending at 1 hour G.M.T. really centred 
at 9 hours 59 minutes L.M.T. This is given in the table as 10 hours, as near enough 
for practical purposes. It was convenient to have the means of seeing at a glance 
what were day and night hours. The absolute maximum and minimum in each 


column are distinguished by heavy type. 


TABLE I.—Results from Various Criteria of Disturbance at Cape Denison, June, 1912. 


| Squares of hourly ranges. Hourly ranges. Character Percentages. | 
Hour | Hour | | | 
G.M.T. | L.M.T. | From 30 days. | From 29 days. Alldays. | Numbers of 
ending | centring | | | Mean, ————|—_— 
at | at lel 2 he Neat ie jell) Ve H aa 2’s 0’s 
| | | — 
Hour. Hour. | 
1 Ve LO | 72 51 ae ett 109 95 | 116 130 46 
2 ll | 104 | 143 Wey.) ese 129 154 135 193 46 
3 12 98 190 166 | 278 132 175 126 130 30 
4 13 133 166 9235 196 146 150 | 135 155 0 
5 14 | 94 74 147 92 130 104 116 142 6 
6 15 | 96 50 108 64 117 86 i 104 30 
7 16 51 43 78 38 90 70 86 78 137 
8 Wa | 62 30 87 35 89 63 84 65 137 
9 18 | 24 14 30 14 58 45 57 39 213 
10 19 jee 39 55 46 70 64 70 65 198 
ll 20 49 51 50 34 74 67 71 65 198 
12 21 366 179 102 156 121 113 84 104 182 
13 | 22 276 252 132 184 134 140 99 ales 121 
14 | 23 | 327 293 160 180 134 150 106 129 106 
15 }> 724 136 243 142 189 117 141 113 168 121 
16 1 144 200 135 160 112 132 96 104 137 
17 2 13 21 22 33 48 59 65 0 152 
18 3 20 29 29 39 56 66 70 52 182 
19 4 19 66 30 51 56 a9) 83 53 121 
20 5 32 49 39 60 64 79 | 103 91 61 
2] | 6 49 52 78 66 89 85 | 106 91 61 
22 7 63 40 105 60 106 83 116 91 15 
23 8 | 67 75 107 88 109 107 128 130 15 
24 | 9 | 69 50 114 76 110 93 116 104 30 
Column number 1 2 3 4 5 6 7 8 9 


Columns 1 and 2 take the square of the hourly range as the criterion of dis- 
turbance; they refer respectively to H and V. The figures are percentages of 
1,530y? and of 2,178y”, the respective means of the 30 x24 absolute values. Columns 
3 and 4 differ from columns 1 and 2 only in neglecting the one largest range in each 
hour of the day. The means from the 29 x24 data remaining were reduced to 777; 
for H, and 1,221y? for V. Columns 5 and 6 use the first power of the hourly range 
as a criterion, employing all days of the month. The figures are percentages of the 
means 24:7y and 29-3y chronicled above. Column 7 gives the mean of the character 
figures 0, 1 and 2 applied, treated as numerical quantities. The adjudication was 
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made on the general appearance of the traces, especial y the H and V traces, no 
regard being paid to the range. The figures are percentages of 1-04, the mean of all 
the hourly character figures assigned. The numbers of 2’s and 0’s in columns 8 and 
9 are also percentages. The 2’s assigned during all hours of June numbered 185, the 
0’s numbered 158. 

We should obviously have got smoother values if we had combined H and V 
ranges in one criterion, but Table I has the advantage of showing that the two elements 
are in good general agreement. A phenomenon, however, which makes even greater 
appeal to the eye is the difference between columns 1 and 2, on the one hand and 
columns 3 and 4 on the other. The exclusion of but 1 out of the 30 data available 
for each hour of the day has profoundly altered the diurnal variation. Columns | to 
4 all show a conspicuous double oscillation, with maxima in the early (Greenwich) 
morning and afternoon respectively ; but columns | and 2 put the principal maximum 
in the afternoon, while columns 3 and 4 put it inthe morning. Somewhat curiously, 
the position of the principal minimum is not affected. Columns 1 and 3 agree in 
putting it in the hour ending at 17 hours G.M.T., while columns 2 and 4 put it in the 
hour ending at 9 hours. What appears as the principal minimum in H appears, 
however, as a secondary minimum in V, and conversely, and the apparent difference 
between the two minima is trifling. Thus the difference between the two elements 
is not important, and may be accidental. 


§ 6. 

Before discussing Table I further, it is desirable to see more clearly how the 
difference between the first and second pairs of columns is brought about. To this 
end we give in Table II the hourly ranges whose exclusion from the five hours of the 

TABLE II.—Hourly Ranges on Special Dates, June, 1912. 


Hour | Ranges on special dates. Mean ranges from all days. 
G.M.T. | Special | | 
ending at | dates. | H V H ! V 
| \ | 
Hour, y y 2 | v 
12 Ist 381 248 30 33 
13 Sih « 4 311 315 33 41 
| 14 | 8th 338 358 33 / 44 
15 | 9th & 8th | 175 303 29 | 41 
16 9th 189 272 28 | 39 


early Greenwich afternoon is mainly responsible for the difference. The table shows 
for comparison the corresponding means from all the June days for the five hours 
in question. 

It will be seen that the first three H ranges in Table II are each from 9 to fully 12 
times the average range, while the five V ranges are each from 7 to 9 times the 
average. These 8 hours are each the equivalent of from 50 to 150 average hours, 
when our criterion is the square of the hourly range, and the equivalent of from 7 to 
12 average hours when our criterion is the first power of the range. As it so hap- 
pened, the more outstanding June ranges fell in different (Greenwich) hours, but 
this may have been a pure accident. Also the hourly ranges in Table II, large as 
they are, were exceeded on other occasions. On July 6, 1912, H had ranges of 498y 
and 500y in two successive hours. Such a day would exert as much influence for 
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the special hour concerned as 400 ordinary days, when our criterion is the square 
of the range, or as 20 ordinary days when our criterion is the first power. The 
shorter the period we are considering the greater the effect of such windfalls. The 
complete range 31ly in H in the hour ending at 13 hours on June 9 was the range 
for the whole day as well as for the hour, but the maximum and minimum occurred 
within 5 minutes of one another. Tf we took 5 minutes as our unit of time, instead 
of the hour, the influence of such an incident would be simply enormous. 

It may appear at first sight that the possibility that the omission of one out of 
thirty observations may produce an enormous effect is sufficient to condemn the 
use of the square of the range as a criterion of disturbance. A little reflection, 
however, will show that this is not a rational conclusion. Take the simpler case of 
rainfall. A single hour of thunderstorm ina dry month may produce as much rain 
as the rest of the month. The inclusion of that hour will make an astonishing 
difference to the diurnal variation of the month, But that implies no fault in the 
way of measuring rain. For the purposes of the mechanical or electrical engineer, 
if he can store all that falls, the thunderstorm inch is just as good as any other inch. 
What it does mean, however, is that a really representative diurnal variation of 
rainfall requires a very long series of observations. Similarly, if we adopt the square 
of the hourly range as a criterion, we cannot be certain at a station like Cape Denison 
of getting a really representative diurnal variation for any month of the year, unless 
we have a large number of years’ observations at our disposal. The same remark 
applies, though to a lesser extent, to the first power of the hourly range as a criterion. 

In addition to these considerations there is the fact that the scale 0, 1, 2 is much 
more analogous than the other criteria to the auroral criterion adopted, and we shall 
accordingly, in what follows, give it the preference. It is well, however, to consider 
the number of 2’s and 0’s as welkas the mean character figure. It is, for example, 
desirable to know whether a mean character figure 1-0 represents a dead level of 
mediocrity, or a mixed assemblage of 0’s, 1’s and 2’s. 


Si 

Returning to Table I, it will be seen that the mean character figure and the 
number of 2’s agree with the results in columns 3 to 6 in placing the principal maxi- 
mum of disturbance in the early (Greenwich) morning ; but they also show a very 
substantial secondary maximum in the early (Greenwich) afternoon. The mean 
character figure and the number of 0’s agree with the V range criteria in putting the 
principal minimum of disturbance in the hour ending at 9 hours G.M.T., while the 
number of 2’s agrees with the H range criteria in putting the principal minimum in 
the hour ending at 17 hours G.M.T. 

A good deal of accident must enter into the results from a single month, and in 
dealing so fully as we have done with June, 1912, our principal object has been to 
bring out the nature of the several criteria, the extent to which they agree, and the 
reason why in our subsequent work principal use is made of the scale 0, 1, 2. 


§ 8. 

The main object of Table III is the investigation of a point of great physical 
interest. Ordinary meteorological elements like temperature follow local time. 
That is also true of certain magnetic phenomena, as, for example, the diurnal in- 
equality on the international quiet days. But what happens in the case of magnetic 
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disturbance ? We have magnetic storms simultaneously in progress everywhere, 
and “ sudden commencements ” occur apparently at the same time—to a minute, if 
not to a second—the whole world over. It is at least conceivable that the diurnal 
variation of magnetic disturbance should follow Greenwich (or universal) time every- 
where. The results obtained from magnetic disturbance during 1911 and 1912 at 
Cape Evans*—the base station of the British Antarctic Expedition—showed an 
unexpected resemblance to those at Eskdalemuir, when Greenwich time was employed 
throughout. It thus became of the utmost importance to know how the diurnal 
variation of disturbance at Cape Denison compared with that at Cape Evans. The 
geographical positions of the two stations are: Cape Evans, 77° 38’ S., 166° 24’ E., 
Cape Denison, 67° 0’S., 142° 40’E. According to the calculations of Mr. E. N. Webb, 
the magnetic observer at Cape Denison, the approximate position of the South 
magnetic pole in 1912 was 71°10’S., 150° 45’ E. According to these figures the mag- 
netic pole lay not far from the direct line between the two stations, its distance from 
Cape Denison being only about two-thirds of its distance from Cape Evans. The 
difference of longitude between the two stations, 23° 44’, means a difference of 1 hour 
35 minutes in local time, midnight coming first at Cape Evans. 

TABLE III.—Diuynal Variation of Magnetic Disturbance at Cape Denison, Cape Evans, and 


Eskdalemutr. 
Percentage numbers. 
Hour Mean hourly 
GMC dys character. 2’s 0’s 
ending ; 
at (CDs Ck, B. CoD yale e. 1B, (CD. C.E. 13p 
Hour 

1 1:34 1-05 0-65 202 104 167 29 66 95 
2 1.44 1-02 0-57 229 111 123 15 83 104 
3 1-43 0-97 0-49 222 91 92 16 89 118 
4 1-40 0:90 0-45 215 82 89 22 118 124 
5 1-26 0-89 0-41 167 74 61 31 115 129 
6 1-07 0:87 0-40 107 80 48 56 128 129 
7 0-82 0-84 0:43 52 71 41 101 129 124 
8 0-69 0-81 0-45 38 67 48 133 137 118 
9 0.58 0-78 0-39 27 71 54 161 166 133 
10 0-59 0-80 0.33 42 90 14 168 168 139 
1] 0.58 0.77 0-46 45 82 20 176 169 114 
12 0:59 0:80 0-59 56 80 51 180 151 92 
13 0-70 0-83 0-65 56 80 65 143 146 80 
14 0:77 0-89 0-66 68 91 85 127 120 81 
15 0-70 0:89 0-72 60 79 129 145 113 75 
16 0-60 0:94 0.73 45 80 119 168 83 70 
17 0-59 0-96 0.73 34 75 146 164 81 74 
18 0-62 1-03 0-72 39 91 129 157 64 75 
19 0-73 1-15 0-70 47 1123 129 127 50 79 
20 0-85 1-20 0-68 69 141 143 10) a eee 2 | 85 
21 0:98 1:27 0-70 103 160 201 83 34 88 
22 1-16 1.28 0:67 136 177 160 43 38 90 
23 1-25 1-21 0-62 152 165 126 27 50 95 
24 1:32 1-14 0-67 | 189 142 160 27 57 89 
Column 1 2 3 | 4 5 6 7 8 9 


* British Antarctic Expedition, 1910-1913. Terrestrial Magnetism, pp. 142 et seq. 
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Table III gives three sets of comparative results for Cape Denison (C.D.), Cape 
Evans (C.E.) and Eskdalemuir (E). These are based respectively on the mean 
character figure (columns 1 to 3), the number of 2’s (columns 4 to 6) and the number 
of 0’s (columns 7 to 9). The principal maximum and minimum in each case are In 
heavy type. The C.D. and E. results are from the same 15 months of 1912 and 1913. 
The C.E. results, based on 1911 and 1912, refer to the year as a whole. In the 
original comparison the data employed for Eskdalemuir synchronised with those 
used for Cape Evans, but they agreed in all essential features with those now given. 
The point that chiefly impressed me when comparing Cape Evans and Eskdalemuir 
was the approximate agreement between the times when 2’s were most numerous 
and the times when 0’s were most numerous. 

There is one feature in which there is at least an approach to agreement between 
the three stations—viz., a slackening of disturbance in the later part of the (Green- 
wich) forenoon. The principal minima in the first three columns occur between 
9 hours and 11 hours, the principal minima in columns 4 to 6 occur between 8 hours 
and 10 hours, and the principal maxima in columns 7 to 9 occur between 10 hours 
and 12 hours. There is, however, a prominent difference between the stations even 
in the matter of the minima of disturbance. The mean character figure at Cape 
Denison (column 1) shows a secondary minimum in the hour ending at 17 hours, 
which falls little short of the principal minimum. Column 4 agrees in putting a 
prominent secondary minimum at the same hour, and column 7 shows a prominent 
maximum only an hour earlier. Thus all the Cape Denison criteria agree in putting 
a very decided if secondary minimum of disturbance between 16 hours and 17 hours 
G.M.T. There is no trace of such a minimum at Eskdalemuir, nor is there in the Cape 
Evans columns 2 and 8. In column 5, however, there is a slight suggestion of a 
minimum. ‘ 

Coming now to the maxima: At Cape Denison the three criteria agree in indicating 
a principal maximum of disturbance in the hour ending at 2 hours G.M.T. At Cape 
Evans co'umns 2 and 5 show a principal maximum in the hour ending at 22 hours 
G.M.T., and column 8 shows a principal minimum of 0’s one hour earlier. Thus 
here again the criteria are in practical agreement, and put the principal maximum 
of disturbance some 4 hours earlier than at Cape Denison. 

At Eskdalemuir the criteria are less accordant. As appears from column 6, 
the maximum number of 2’s appears in the hour ending at 21 hours G.M.T.—1e., 
only an hour earlier than at Cape Evans. According, however, to columns 3 and 
9, the mean character figure has its principal maximum and the number of 0’s 
its minimum at 16 hours or 17 hours G.M.T. This, in fact, is an excellent example 
of the advisability of inquiring how the mean character figure is made up. Its 
high value at Eskdalemuir at 16 hours and 17 hours is due not so much to the 
presence of active disturbance as to the absence of quiet conditions. It will be 
seen that the variations in the mean character figure at Eskdalemuir during the 
afternoon are not large. The tendency to increase in the number of 2’s is 
attended by a tendency to increase in the number of 0’s. 

In addition to the principal maximum there is, according to columns | and 4, 
a quite decided secondary maximum of disturbance at Cape Denison in the hour 
ending at 14 hours G.M.T. There is no suggestion of a maximum at this hour at 
Eskdalemuir, nor is there in the case of the mean character figure at Cape Evans. 
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Column 5, however, is not unfavourable to a trifling secondary maximum in the 
number of 2’s. 

One or two years’ observations near sunspot minimum cannot be relied on to 
supply results which are closely representative in every detail of all years. But the 
results obtained for Eskdalemuir from 1911 to 1912, and again from 1912 to 1913, 
derive support from results obtained for Kew by Mr. J. M. Stagg* for the 11 years 
1913-23, following a similar procedure. For the 11 years as a whole he found the 
number of 2’s to have its greatest and least values in the hours ending at 22 hours 
and 11 hours respectively—i.e., an hour later than in Table III. But for sunspot 
minimum years he found the maximum in the hour ending at 21 hours. His figures 
also agree in showing no certain secondary maximum or minimum in the diurnal 
variation. Kew is a much less naturally disturbed station than Eskdalemuir. Also 
during the years considered by Mr. Stagg it suffered increasingly from electric trains, 
but that ought not to prejudice the estimate of hours of character 2. 


§ 9. 


The outstanding result in Table III, the difference in the hours of the principal 
maximum of disturbance at the three stations, appeared so important that a further 
investigation was made on somewhat different lines. The results appear in Tables IV 
and V. Table IV is confined to the 7 complete months April to October and the first 


TABLE 1V.—Diurnal Variations of Magnetic Disturbance at Cape Denison and Cape Evans, 
April to November, 1912. 


| 


Cape | Cape 

Denison 0 1 2 | 0 1 2 Evans 
' Cape | | | | Cape 

Evans OM Ll e22 0 Le 2a One 2 One 2a OR aL 4 OY UE [ly Denison 


Ph. to 6h. | 88 | 121 0! 47| 51 | 2| 4| 67 | 29 |/15| 79] 6 | 1] 46 | 53 | O 8 |92| Lh.to 6h. 
Mireto 24h 64) 351/210) 27) 65) 8] 3) 54 43 |) 57) 41) 29018) 58 | 24) 1 | 28 | 71) Vheto24 bh: 
Hi6h.to2lh. | 52) 47) 1] 10 | 76/14] 1] 46) 53 | 81} 18 | 1/30) 58) 12 | 3 | 44 53|16h.to 21h. 


Column la| 2a |3a| 4a | 5a | Ga| 7a| 8a | 9a | 1b 2b |3b| 4b] 5b 6b | 7b| 8b | 9b Column 


\ — 


TABLE V.—Diurnal Variations of Magnetic Disturbance at Cape Denison and Eskdalemuir, 
January to July, 1913. 


Cape Eskdale- 
Denison 0 1 2 | 0 1 2 muir 
Eee EE eee ae oe oe 
|| Hskdale- Cape 
}| muir @ | lt yey Ob ih be wey a | WO | i | ee Oy a Bs © | UL | Bi wleraukoyat 
ia.to 6h | 86 | 14 | 65 | 32 | 3 | 33 55| 12 || 18] 62 |20| 5| 46 | 49 | 0 | 30 | 70| 1h.to6h. 
5 | 25 | 57| 18 | 46| 46 | 8| 21] 57 | 22 | 3 | 41 | 56) lh.to24h. 
6 0} 35 


0 
ih. to 24h. | 71 | 29: | 0 || 46 | 49 
1 


} 13h. to 18h. 58 | 41 53 | 12 | 8 | 46 | 46/13h.to 18h. 


Column la | 2a |3a| 4a | 5a | 6a! 7a | 8a Qa || 1b| 2b | 3b| 4b| 5b | 6b | 7b) 8b 9b Column 


* Meteorological Office Geophysical Memoirs, No. 32, p. 12. 
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part of November, 1912, for which absolutely synchronous data were available from 
Cape Denison and Cape Evans. In the first nine columns, la to 9a, the Cape Denison 
hourly character figures 0, 1, 2 are the guiding ones. It was found how often character 
0 at Cape Denison was associated with characters 0, 1, 2 respectively at Cape Evans. 
Taking, for example, the whole 24 hours, there were 1,462 hours of character 0 at 
Cape Denison. Of these hours, 935 (or 64-0 per cent.) got character 0 at Cape Evans, 
517 (or 35-4 per cent.) got character 1, and 10 (or 0-7 per cent.) got character 2. 
These percentages, 64, 35 and 1 to the nearest unit, appear in the first three columns, 
la to 3a, in the line devoted to the whole 24 hours. The other percentage figures 
in columns 1a to 9a were arrived at in a precisely similar way. For the second half 
of the table, columns 1 to 9b, the Cape Evans characters were treated as fundamental. 
Of the 1,653 hours awarded character 0 at Cape Evans, 935 (56-6 per cent.) obtained 
0 at Cape Denison, 686 (41-5 per cent.) obtained 1, and 32 (1-9 per cent.) obtained 2. 
These percentages taken as 57, 41 and 2 appear in columns 10, 26 and 3b. Out of 
the 5,252 hours employed in Table IV, 1,462 got 0’s and 1,258 got 2’s at Cape Denison, 
while 1,653 got 0’s and 765 got 2’s at Cape Evans. The Cape Denison magnetographs 
were on the whole decidedly the more sensitive, and with greater sensitiveness the 
tendency seems to be to give fewer 0’s and more 2’s. Again, at Cape Evans the 
standard was largely determined by 1911, which was a decidedly less quiet year 
than 1912. Thus the difference between the numbers of 0’s and 2’s at the two 
stations does not necessarily mean that Cape Denison was the more disturbed. As 
the totals of 0’s and 2’s are not the same at the two stations, we should not expect 
absolute identity between the corresponding figures in corresponding columns of 
Table IV, even if the diurnal variations of disturbance were identical, but we should 
expect parallelism between the changes shown as we pass from one column to the 
next of the same group, or from one line to the next.. Now this is exactly what we 
do not get. For example, as we pass from line | to line 3 the figures in column la 
go down from 88 to 52, and the figures in column 2a go up from 12 to 47, while the 
figures in column 16 go up, and the figures in column 2b go down. In short, all the 
data in Table IV support the view that at Cape Denison the six hours ending at 
6 hours G.M.T. were more disturbed, and the six hours ending:at 21 hours G.M.T. 
were less disturbed than the average, whereas at Cape Evans it was exactly the other 
way about. Of course, the hours in Table IV were specially selected with a view to 
emphasising the difference between the two stations. In the first instance the 
24 hours were considered individually, and then arranged in groups, first of 3, then 
of 6. The three hours ending at 21 hours G.M.T. were those in which Cape 
Evans relatizely considered was most disturbed, and the three hours ending at 
6 G.M.T. were those in which the pre-eminence of Cape Denison disturbance was 
greatest. 

Table V, constructed on exactly similar lines, and also confined to seven months, 
January to July, 1913, compares Cape Denison and Eskdalemuir. In spite of the 
great disparity in the distribution of the character figures, 2’s being scarce at Eskdale- 
muir, the evidence that the diurnal variation referred to Greenwich time is widely 
different at the two stations is overwhelming. The pre-eminence of Cape Denison 
is conspicuous in the same group of hours as when the comparison was between it 
and Cape Evans. But the hours when Eskdalemuir, relatioely considered, comes 
to the front occur earlier in the Greenwich day than those in which Cape Evans 
was pre-eminent. 
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The fact that the diurnal variations of disturbance should differ more at Cape 
Denison and Cape Evans, stations differing by less than 11° of latitude and 24° 
of longitude, than they do at Cape Evans and Eskdalemuir, stations separated by 
nearly 133° of latitude and 170° of longitude, appears most surprising, at least at first 
sight. A possible explanation would be obvious if the 12-hour wave were 
dominant in disturbance ; but at Eskdalemuir, especially, there is little trace of a 
12-hour wave. 


§ 10. 


The fact that the hours of the day when disturbance is most active are not the 
same at two stations does not mean that conditions tend to be quiet at the one 
station when disturbed at the other. The reverse is the case. Out of the whole 
5,252 hours on which Table IV is based there were only 32 when character 2 at Cape 
Denison was synchronous with character 0 at Cape Evans, and only 10 when character 
0 at Cape Denison was synchronous with character 2 at Cape Evans. Disturbance 
was so very much more in evidence at Cape Denison than at Eskdalemuir that 
associations of character 2 at the former station with character 0 at the latter were 
not uncommon; but there were only 8 hours when character 0 at Cape Denison 
was synchronous with character 2 at Eskdalemuir. In the majority, moreover, 
of these exceptional cases the 2’s and 0’s were rather on the borderland of 1’s._ Sup- 
posing disturbance gradually to increase after a decidedly quiet time, we inevitably 
have a series of 0’s followed by a series of 1’s, and that by a series of 2’s. But the 
hour at which the transition is made from 0 to 1, or from 1 to 2, is largely a matter 
of accident. That no doubt played some part in a good many of the exceptional 
cases just referred to, but on the whole they represented a very decided difference 
between the disturbance conditions at the two stations. This should be clear on 
inspection of Table VI, which gives the mean values of the ranges from the special 


TABLE VI.—Mean Hourly Ranges from Special Occasions. 


Occasions see 32 | 10 8 
Character anol Soe TED, O ehe (CoB, OAM ID, Bans, Olat Cap 2eater. 
At Cap, ACR: At GAD: AtC.B PNAC ID. At KE, 
Ve uy Us uy ve Da 
ID) By E’ 14 D 24 | BZ, DIS N 28 
H 38 WE 1, Jeb Woy || IRN aye isi 7 | W 18 
38 Vere V 14 V 24 V 10 site 


occasions at the pairs of stations. The force equivalent is given for the D range 
at Cape Denison. The components E’, N’ at Cape Evans were directed about 7:5° 
south of east and east of north. There were no vertical force data from Eskdalemuir 
for 1913. Disturbance, as a rule, was so enormously greater at Cape Denison 
than at Eskdalemuir that it was almost a surprise to find that there were 
hours in which magnetic changes were actually greater at Eskdalemuir than at 


Cape Denison. 
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§ 11. 
Table VII is devoted to the question of the parallelism between the diurnal 


TABLE VII.—Diurnal Variation of Aurora and Magnetic Disturbance at Cape Dentson. 


Time. | Auroral occurencies. Magnetic disturbance. 
| Percentages. 
Hour Hour | Mean 
G.M.T. | L.M.T. | Bright | Zenithal character. 2’s 0's 
ending | centring | aurora. | aurora. © 
at at | Ww S) wi! s WwW S 
Hour. Hour. 
1 10 1:02 1-82 139 219 44 0 
2 11 1.19 1-80 215 213 24 0 
3 12 1-15 1.83 184 | 218 26 0 
4 13 tol {yl 1:82 177 216 34 0 
5 14 1-64 1-61 160 ~=161 45 8 
6 15 0-84 1-51 101 | 1387 79 16 
7 16 1 3 0-59 | 1:25 52 | 73 124 25 
8 WZ 6 3 0:50 | 1-02 56 43 150 90 
9 18 10 4 0.43 0-93 38 33 166 139 
10 19 11 1 047 0-91 52 39 155 172 
ll 20 19 2 0-50 0.72 56 24 151 262 
12 21 25 4 0°50 |) 0-73 4) 83 33 161 278 
13 22 38 2 0-64 | 0-79 90 39 124 254 
14 23 37 6 0-72 | 0-90 108 49 lll 205 
15 24 19 3 0-71 | 0-85 115 43 | 117 | 221 
16 1 jue 2 0-58 | 0-80 76 30 138 221 
17 2 7 5S 0-49 | 0-86 ~ 35 30 145 180 
18 3 7 1] 0-49 | 0-91 45 33 146 156 
19 4 10 24 0-59 | J-01 63 33 127 82 
20 5 12 32 0-70 MEH) 76 73 105 oF 
21 6 20 40 0:80 | 1-37 111 112 91 33 
22 7 7 30 0:92 | 1-60 118 161 62 0 
23 8 2 8 1-02 1:67 118 179 38 0 
24 9 1-02 1:77 132 207 41 0 
Means 0-75 | 1-24 
Column)... l 2 20) hoa 5 6 7 8 


variations in aurora and in magnetic disturbance. Column 1 shows the distribution 
throughout the day of the 250 hours to which I had allotted auroral characters of 
2-0 or 1-5, the significance of which has been already explained. Column 2 gives 
the distribution of 180 hours when aurora was in the zenith. Column 3 gives the 
mean houriy magnetic character figure at Cape Denison derived from the four winter 
months (W.) May to August, during which aurora was principally seen. Column 4 
does the same for the summer months (S.), November, January and February, when 
no occurrence of aurora was noted.* Columns 5 and 6 give the distribution of 
magnetic character 2 for winter and summer, and columns 7 and 8 deal similarly 
with the 0’s. The figures in columns 5 to 8 are percentages of the respective 


* December H and V records at Cape Denison were lacking or unsatisfactory. 
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means. Principal maxima and minima in columns 3 to 8 are in heavy type. Among 
Sir Douglas Mawson’s deductions were the following :— 

‘“ Our experience at Cape Denison very conclusively indicated that the daily 
period of apparently most intense aurore was between 9p.m. and 11.30 p.m.”’ (ie., 
between 21 hours and 23-5 hours L.M.T.) (L.c., p. 158), and again, speaking of zenithal 
aurora, ““ The most obvious feature is the extreme frequency of zenith aurora in 
the early morning hours immediately preceding daylight ”’ (l.c., p. 168). Table VII 
is in excellent agreement with these statements. Sir Douglas counted as zenithal 
any aurora within 20° of the zenith, and he employed several months which are not 
included in Table VII owing to the lack of corresponding magnetic data. This 
expiains his greater number (272) of zenithal occurrences. In addition to a principal 
maximum frequency of bright aurora about 13 hours G.M.T. (or 224 hours L.M.T.), 
column | shows a secondary maximum at 6 hours L.M.T., synchronous with the 
maximum frequency of zenithal auroras in column 2. 

Taking the magnetic data for winter (W.) in Table VII as the more appropriate, 
it will be seen that the principal maximum of bright aurora is nearly coincident 
with a secondary maximum in the mean magnetic character figure and the number 
of 2’s, and with a secondary minimum in the number of 0’s. Also the minimum 
at about 17 hours G.M.T. in the frequency of bright aurora is fairly coincident with 
the principal minimum in magnetic 2’s, and with a secondary maximum in the number 
of magnetic 0’s. There is thus a very sensible parallelism between some of the 
phenomena in the diurnal variations of aurora and magnetic disturbance. But 
what appears at first sight a complete disagreement is the occurrence of the principal 
maximum of magnetic disturbance at 11 hours L.M.T., an hour when aurora never 
was and never could be seen. A possible explanation, however, at once suggests 
itself. The figures in Table VII indicate at first sight a rapid decline after 6 hours 
L.M.T., both in bright and zenithal aurora. But this may well have been wholly 
due to the effects of increasing daylight. In the midwinter months, June and July, 
aurora was occasionally seen as early as 16 hours L.M.T., and as late as 8 hours 
L.M.T., but even in May and August 16 hours and 8 hours became impossible, and 
in the equinoctial months the limits were much narrower. In Sir Douglas Mawson’s 
words, ‘‘ The rapid decrease (of auroral occurrences) at the limits is... to be 
ascribed to increasing twilight obscuring weaker effects, and it seems probable that 
were the darker hours of longer duration the rise of the curve (showing mid-winter 
auroral frequency) would continue on either hand instead of reversing ”’ (I.c., p. 166). 
If we assume that the overhead electrical phenomena, seen as aurora at night, may 
exist during the day though invisible, it is at least possible that the increase in fre- 
quency of the electrical storms did not really stop at 6 hours L.M.T., but went on 
right up to the time of the principal maximum of magnetic disturbance about 11 hours 
eh bd Be 

The resuscitation of brilliant aurora in the early morning L.M.T. shown in 
column 1 of Table VII is probably underestimated, owing to the effects of daylight ; 
but in Sir Douglas Mawson’s opinion the brightest auroras did have their maximum 
at the time suggested by the table. ‘‘ The aurore so regularly appearing in the 
twilight hours of early morning . . . though never extremely brilliant to look at, 
must often have been intense in order to be at all apparent in twilight. But... it 
would appear that, after all, the later evening hours were par excellence the period 
of the day when aurore of the greatest intensity were to be expected ” (Lc., p. 159). 


402 Dr. C. Chree on 


Before leaving Table VII it is well to compare the winter and summer magnetic 
results. The chief difference between the mean character results in columns 3 and 4 
is that, absolutely considered, the summer values were much the higher. This 
was equally true of character figures for the day. The winter months, the principal 
months for aurora, were on the whole much the quietest months magnetically. The 
summer months, when no aurora was seen, were much the most disturbed months. 
In both respects the equinoctial months took an intermediate place. We see in both 
columns 3 and 4 a principal maximum in the late (local) forenoon, a secondary 
maximum an hour or two before midnight. As regards the number of 2's, winter 
and summer, columns 5 and 6, again agree in showing a principal maximum a little 
before (local) noon, and a secondary maximum a little before midnight ; Fut this 
secondary maximum is less prominent in summer than in winter. In both seasons 
there are two minima almost equally conspicuous ; they are separated by on'y about 
8 hours in winter and less in summer. 

As regards 0’s, columns 7 and 8, the two seasons agree in placing the principal 
maximum at or a little before 21 hours L.M.T., near the time of a minimum in 2’s. 
In winter there is a secondary and not very much inferior maximum between 2 hours 
and 3 hours L.M.T., near the time of the minimum in bright aurora. In summer 
not a single 0 was attached to any hour between 21 hours and 4 hours G.M.T. (64 hours 
to 134 hours L.M.T.). It is possible that if a very much higher standard of dis- 
turbance had been accepted for summer, so as to produce a large increase in the 
number of 0’s, a double daily oscillation might have been clearly recognised in that 
season as well as in winter. There is a suggestion of a minimum at 23 hours 
L.M.T. in column 8, synchronous with the secondary maximum in column 6. 
However this may be, it seems indisputable that the main features of the diurnal 
variation of magnetic disturbance are the same for summer, the season of no 
auroras, as for winter, the season when auroras are at their maximum. 


§ 12. 
Table VIII compares the night and day phenomena in a different and more 
TABLE VIII.—Magnetic Disturbance, Night Hours and Day Hours, at Cape Denison. 


Hours per diem. 2’s in hours Expectation of a 2 
| when in hours when 
Month. Aurora Aurora Aurora 
Visible. | Invisible. Visible. | Invisible. Visible. | Invisible. 
March, 1912 ... ae 5 19 Wy 141 D2 113 
April, 1912&1913 ... 14 10 85 204 50 169 
May,1912&1913 ... 15 9 92 lll 73 146 
June, 1912&1913_ ... 17 7 122 80 85 136 
itlyeel O21 O13 eee ily 7 101 67 85 137 
August, 1912... aA 16 8 37 81 47 205 
September, 1912 baie WY 12 16 98 28 ae AL 
October, 1912 be 5 19 24 234 44 115 
Totals ote ie 494 1,016 


detailed way. It uses the results of twelve months, March to October, 1912, and 
April to July, 1913. Any (Greenwich) hour in which there was even one aurora 
seen in the course of a month was regarded as an hour when aurora, if existent, 
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could be seen during the whole month. In months like April and October the length 
of the day is altering somewhat rapidly, and failure to see the aurora in a particular 
hour of the day is not incompatible with the possibility of seeing it during that hour 
during a small part of the month. But for our present object meticulous accuracy 
is not called for. 

In the expectation figures in Table VIII, 100 is taken to represent the chance 
which the average hour of the month has to get magnetic character 2. According 
to the table, during every month of the year when aurora was recorded, the part of 
the day when aurora was seen was much quieter than the part of the day when it 
was not seen. The greater prominence of magnetic disturbance in the daylight 
hours, though reduced, is still decided in June and July, which were the months 
when aurora was most pronounced. These two months included 14 out of the 28 
occasions specified by Sir Douglas Mawson (l.c., p. 149) as being those when colour 
effects were most brilliant. 

It is well, however, to bear in mind the fact that these conclusions 
depend on the magnetic character criterion which we have decided to 
employ. It is by no means certain that we should have reached the 
same conclusion for the winter months, or at least for June and July, if 

‘we had employed a criterion such as the square of the hourly range. In 
fact, if we did employ as our criterion of magnetic disturbance the sums of 
the squares of the hourly H and V ranges, our conclusion would be that in June, 
1912, the night as a whole was almost equally disturbed with the day. There were 
only 13 hours during June which had H hourly ranges exceeding 100y, and the range 
next largest to the 5 specified in Table II was only 140y. Thus in June, whether 
accidentally or not, the night hours contained all the more outstanding disturbances 
in H, and the same was true to a nearly equalextent of V. Most of these outstanding 
occasions were certainly accompanied by brilliant aurora; but this is uncertain as 
regards the largest of the H ranges, which occurred on June 1. At Cape Denison 
the sky was overcast during the whole night. At the “ Grottoes,’”’ the station 
occupi d by the Australian Antarctic Expedition in Queen Mary Land (66° 20’S., 
95° 2’ E.), an aurora ‘with faint colouring ”’ was reported on June 1, but the time of 
occurrence is not given. The Cape Evans record, which I was able to examine 
thanks to the courtesy of Captain C. S. Wright, stated that on the night in question 
there was clear strong moonlight and no aurora. Under the circumstances specified, 
however, faint aurora might have escaped detection. Also, as a matter of fact, 
simultaneous observations of aurora at Cape Evans and Cape Denison would seem 
to have been very rare, and this perhaps is not surprising, as aurora was seldom seen 
in the south at Cape Denison. 

§ 13. 


Table LX makes a more detailed comparison of aurora and magnetic disturbance 


TABLE IX.—Incidence of Auroral and Magnetic Characters at Cape Denison. 


Auroral character - 0-0 0-5 1-0 15 2-0 
Magnetic character oda! m 2 | One! 2 0 Wh 2 i @ |) 2) th | & 
: Allauroraloccurrences ...|293 |157 | 31 |120 | 65 | 13 |252 |267 | 59 | 56 | 98 | 37 | 1 ey 26 
Percentages ABE Sool! OU |) Bs 6 | 61 | 33 6 | 44 | 46] 10 | 29 | 51 | 20| 3 | 23 | 74 
Zenithal aurora occurrences Pare 8 5 Delo on|Oon eLOn LOM eZo 8 | 0 2 8 


Percentages Ao 366 4a oom elon 30 | 00 ON SZ LS OZ LA OMe 205580 
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based on the auroral characters described in § 2. Table IX is constructed on similar 
lines to Tables IV and V. Take, for example, the hours of auroral character 1-0, 
which numbered in all 578. Of these 252, or 44 per cent., were hours of magnetic 
character 0; 267, or 46 per cent., were hours of magnetic character 1; and 59, or 
10 per cent., were hours of magnetic character 2. Of the 578 hours there were 108 
during which there was at least one observation of aurora in the zenith. Of these 
108 hours, 39, or 36 per cent., had magnetic character 0; 59, or 55 per cent., had 
magnetic character | ; and, finally, 10, or 9 per cent., had magnetic character 2. 

One of the most striking results in Table IX is that, if we may judge by the 
percentage figures, there is no certain difference, so far as magnetic disturbance is 
concerned, between hours when aurora was not seen and hours in which is was seen 
but was very faint. 

As we pass up the auroral scale from 0-5 to 2-0 the percentage of hours of mag- 
netic character 0 falls, and the percentage of hours of magnetic character 2 rises. 
Of the 35 hours awarded auroral character 2, only 1 had magnetic character 0, and 
26 had magnetic character 2. 

It may not be superfluous to state explicitly that the auroral characters were 
assigned at a much later date than the magnetic characters, and absolutely 
independently. 

The hours of zenithal aurora in Table IX are the same as in Table VII, numbering 
in all 180. The distribution of magnetic characters in these 180 hours is not widely 
different from the distribution in the whole 1,002 hours of aurora included in the 
table. The percentage number of occurrences of character 0 is, however, slightly 
reduced in each auroral category. This difference would, of course, be somewhat 
amplified if we contrasted the hours of zenithal aurora with the 822 hours when aurora 
was seen only at lower altitudes.. It should be noted, however, that on many of the 
180 hours when aurora was seen in the zenith it was also seen at much lower altitudes, 
and it was sometimes brightest at the lower altitudes. 

Unless the overhead position has some compensating disadvantages, the greater 
proximity to the station of an overhead aurora would naturally lead to its causing 
more magnetic disturbance than an aurora of equal intensity at a smaller altitude 
above the horizon. This consideration may well explain the slightly greater effec- 
tiveness of zenithal aurora suggested by Table IX. In view, however, of what has 
been said of the special tendency of zenithal aurora to occur in the hours near day- 
break, the observed phenomenon may be partly due to the effects of twilight in 
leading to a slight underestimate of the auroral character. 


§ 14. 


Further evidence of the association of magnetic disturbance and bright aurora 
may be derived from some statistics as to the hourly magnetic ranges. There were 
only two months, June and September, 1912, for which measurements were made of 
the ranges of all hours of the day. In June there were 39 and in September 19 hours 
of bright aurora—i.e., with auroral characters 1-5 or 2-0. The mean ranges from the 
hours of bright aurora and from all hours, whether with or without aurora, were 
as follows :— 


Hours of bright aurora. All days of the month. 
H V H V 
June aon so. O48 Tly 26y 33y 


September iat Seay 46y lTy 22y 
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In forming the all day means the influence of any diurnal variation was eliminated 
by omitting all hours of the 24 when aurora was not seen—i.e., all daylight hours— 
and weighting the others according to the number of times when aurora was actually 
seen. In both months the excess in the ranges for the hours of bright aurora is 
very large. 

The measurement of magnetic ranges for the hours of bright aurora was not 
confined to June and September, 1912, but extended to all the hours of bright aurora 
included in Table IX for which the D, H and V records were all complete, and to a 
few additional hours of bright aurora in March, 1912. There were magnetic curves 
for part of that month, though they were not fully tabulated. The following were 
the mean values thus obtained for the hourly ranges :— 


Year. Numberofhours. D H Va 
1912 & 1913 22 3Ty 38y 43y 
1912 140 48y 52y 56y 
1913 87 20y lTy 21y 


As before, the changes in D are expressed in terms of the force equivalent. June 
and September may be taken as fairly representative of the months when aurora 
was seen in 1912. Thus we seem entitled to assume that in other months of that 
year, as well as in June and September, the magnetic ranges during hours of bright 
aurora were much above the average. 

The comparatively small size of the hourly ranges on hours of bright aurora 
in 1915 may suggest that aurora exerted little if any effect on magnetic disturbance 
in that year. That, however, is probably not the true explanation. 1913, with a 
Wolfer’s frequency of only 1-4, was a year of sunspot minimum, but 1912, with a 
sunspot frequency of 3:6, was nearly as quiet a year in Europe. In the Antarctic, 
however, whether we judge by the daily and hourly character figures, by the absolute 
daily ranges, or by the ranges of the regular diurnal inequalities, the magnetic changes 
regular and irregular were much smaller in 1913 than in 1912. For example, the 
ranges of the regular diurnal inequalities of D, H and V from all days of the winter 
season of 1913, using Greenwich days, were respectively only 53, 59 and 65 per cent. 
of the corresponding ranges for 1912. Thus a very large reduction was to be expected 
in the hourly ranges during hours of bright aurora in 1913, though hardly so large 
as that shown above. 

There was a remarkable reduction in the amplitude of the magnetic changes at 
Cape Evans in 1912 as compared with 1911 ; and, as we now see, there was a very 
large reduction at Cape Denison in 1913—the year of sunspot minimum—as compared 
with 1912. It is obviously important to know whether this is accidental, or whether 
the 1l-year period in magnetic phenomena has an exceptional development in the 
Antarctic (and Arctic). Comparative results from years near sunspot maximum 
would clearly possess much interest. 


SUMMARY OF RESULTS. 


§ 15. 
Magnetographs were in operation at Cape Evans (77° 38’ S., 166° 24’ E.) during 
the greater part of 1911 and 1912, and at Cape Denison (67°0'S., 142° 40’ E.) from 
March, 1912, to August, 1913. The diurnal variations of magnetic disturbance at 
the two stations differ decidedly as regards the hour of maximum. Referred to 
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Greenwich or universal time, this is some 4 hours later at Cape Denison than at Cape 
Evans, a difference more than double the difference in local time. The time of 
occurrence of the principal maximum of disturbance at Cape Denison is roughly 
2 hours G.M.T. the whole year round. 

Active magnetic disturbance at Cape Denison is much less common in winter 
than in summer, and much less common by night than by day. Thus it is least 
common during the hours when aurora can be seen. 

Very faint aurora seems to have no sensible effect on the occurrence of magnetic 
disturbance, but stronger aurora unquestionably has an effect, which increases 
with the intensity of the aurora. 

Comparing the diurnal variation of aurora and magnetic disturbance at Cape 
Denison, it is found that the time of greatest frequency of bright aurora, 9.30 to 
11 p.m. local time, synchronises at least approximately with the time of a secondary 
maximum of magnetic disturbance. During the next two or three hours there is a 
decline both in bright aurora and in magnetic disturbance, but in the early morning 
hours aurora begins to increase in frequency and to approach the zenith, and this 
seems to go on until aurora is interfered with by the approach of daylight. During 
this time magnetic disturbance is also increasing, and in its case the increase con- 
tinues right up to the hour of maximum disturbance near local noon. This is at least 
consistent with the view that the overhead electrical storms which become visible 
at night as aurora continue in the day, and are, in fact, then most numerous. A fact 
also favourable to this view is that the diurnal variation in the frequency of active 
magnetic disturbance at Cape Denison exhibited the same general features in the 
midsummer months when no aurora was seen, as in the midwinter months when 
aurora was at its maximum. 

At the same time, it must be allowed that near midwinter, 1912, there were a 
few comparatively short magnetic disturbances during the night, most, if not all, 
synchronous with specially brilliant aurora, which were much larger than any 
experienced at that season during the day. There was also an individuality about 
many of the minor night disturbances, most at least accompanied by aurora, which 
suggested the presence of some unique source of disturbance during a time varying 
from half an hour or less to two hours. This is, however, discounted, at least to some 
extent, by the fact that during the day, especially in summer, disturbance on a con- 
siderable scale was often so continuous that no short period disturbance could stand 
out, unless it were of altogether exceptional rapidity or amplitude. Also there were 
occasions during the day hours in summer when the rapid oscillations rivalled those 
occurring during the most brilliant winter aurora. 


DISCUSSION. 


Dr. G. C. Smmpson said that all members of Scott’s expedition would be grateful to Dr. 
Chree for his labours, without which the observations discussed would have been wasted. The 
observations on the aurora he would regard as qualitative rather than quantitative. The record 
taken hourly through the night had been very valuable in keeping the night watchman alert, 
but it was hardly to be expected that on leaving a warm hut the latter would spend time ina 
minute scrutiny of all parts of the sky ; although on one occasion the speaker had been called 
out to see a display of such beauty that he had spent no less than two hours in watching it, in 
scanty attire, in a temperature of —40 or —50 degrees Fahrenheit. Again, it was difficult 
to write down a significant record at times when the aurora was constantly changing and moving ; 
one might as well try to record observations on a firework display. 

Capt. C. S. Wricu’ said that he had looked forward to the Paper, because he had been 
anxious to see how the Cape Denison results fitted in with those from Cape Evans. He challenged 
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the assumption that the early morning auroral maximum would have occurred later in the day 
but for the incidence of daylight, because at Cape Evans the corresponding maximum occurred 
earlier in local time, during darkness, and he felt sure that there the maximum was a real one. 
Then again the other maximum (corresponding to the midnight maximum of Cape Denison), 
which occurred at 7 p.m. in local time at Cape Evans, was quite different in character ; in the 
curve it consisted of a “‘ pimple’ in a general minimum, whereas the early morning maximum 
lay on the top of a crest. Further, the aurora itself had different characters at these two times, 
being irregular and rapidly shifting during the earlier maximum, but more uniform in the early 
morning. Did the author endorse the view that the maximum of magnetic disturbance may 
occur at “‘ magnetic local midnight,” when the gun is immediately below the magnetic meridian ? 

The AUTHOR, in reply to the discussion, said that in favour of the view that the early morning 
auroral maximum should be placed later than the observed maximum was the fact that Sir 
Douglas Mawson’s criterion showed an upward gradient right up to the incidence of daylight. 
As regards the effect of magnetic local time, he had suggested this as a factor some years ago, 
but a difficulty was that the magnetic axis is a mathematical fiction. The North and 
South magnetic poles are not antipodal, and though this fact might be of no account some 40,000 
miles or more above the earth’s surface, it was difficult to attach a definite meaning to magnetic 
time on the earth itself. 

The CHAIRMAN, in thanking the author for his Paper, added that it had given great pleasure 
to Fellows present to welcome two members of Scott’s expedition. 


VOr. 33) GG 
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XXXII.—SERIES IN THE SPECTRUM OF TREBLY-IONISED TIN (Sn IV). 
By K. R. Rao, M.A. (Madras University Research Scholar). 


ABSTRACT. 


The Paper gives particulars of regularities observed in the spectrum of tin corresponding 
to the trebly-ionised stage of the element. Pairs of sharp and diffuse series are discovered which 
converge to a common limit with a sixteen-fold valne of the Rydberg constant. The fundamental 
and super-fundamental series doublets are also indicated. Term values are evaluated from the 
related system of members by assuming a value for the term “ (Gee 

Great efforts have been made in the determination of the wavelengths of the lines of the 
tin spark spectrum. The plates were finally measured from spectra taken in the second order 


of a 5-ft. concave grating and an accuracy to about 0:05 AU. is claimed. xa eae 
The experimental method of sorting out the lines due to this high stage of ionisation (Sn IV) 
is the same as that adopted previously by the writer in the case of Sn, Ga, In. 


INTRODUCTION. 


iy accordance with the recent developments in the analysis of spectra it is to be 
expected that, while the neutral atom of tin will yield a spectrum derived 
from systems of terms of odd multiplicity, the spectra at successive stages of ionisa- 
tion of the element will be constituted from terms of alternately even and odd 
multiplicity. 

Although the number of lines in the tin arc spectrum is not large, the study 
of the spectrum from the series view point has not made great progress. Our know- 
ledge is confined only to a table of frequency differences based on results obtained 
from absorption experiments,“ the nature or the absolute value of the individual 
energy levels being yet undetermined. 

Investigations for series relationships among the spark lines of tin are also 
meagre. No extended series in the spectra of the element in any of the ionised 
states have yet been detected, but in a recent paper?) the present writer has set 
forth the leading members of the principal, diffuse (secondary) and fundamental 
series of a triplet system belonging to the spectrum of doubly-ionised tin (Sn III). 
Mention was also made of two pairs of the same frequency difference, and though 
no definite assignment* of the pairs was possible, they were found to form a Rydberg 
sequence with a 4R constant. This may be taken as evidence of the probable 
existence of doublets representing Sn II. It is the purpose of this Paper to present 
regularities in the spectrum of tin corresponding to the third-step ionisation of the 


atom, the system of series being characterised by a sixteen-fold value of the Rydberg 
constant. 


. 


EXPERIMENTAL. 


As is usual in investigations of this nature, the spark spectrum of tin has been 
examined under different degrees of excitation. The sources included the spark 
between pure electrodes of tin in air, in vacuum and in an atmosphere of hydrogen 
at varying pressures, and also the arc in vacuum. The ordinary spark in air and 
the vacuum arc served well to eliminate the lines due to the lower stages of ionisation 
of the element. As in previous experiments, recourse was also had to the method 


* The magnitude of the separation (625) suggests that it may be the ‘‘ second p ” separation, 
while the limit and terms suggest the assignment 7 —@ of the type found in Si IT. 
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of studying the spectrum when the inductance and capacity in the circuit were 
varied. In general, the lines of Sn IV are found to be best developed in the con- 
densed spark in hydrogen at low pressures, while they are feeble and diffuse, or perhaps 
absent, in the condensed spark in air or in hydrogen at atmospheric pressure. 

For preliminary observation of the spectra an ordinary constant deviation 
spectrograph and a plane grating spectrograph were used for the visible region, 
while a quartz spectograph was utilised for the ultra-violet. But the wavelengths 
of the lines were finally determined from spectrograms taken in the second order 
of a 5-ft. concave grating, recently purchased and mounted by Prof. Narayan, giving 
a dispersion of about 5-67 A.U. per mm. In the region below about 42,600 these 
values were also checked by measurements from plates taken with a Hilger quartz 
instrument giving a dispersion of about 7 A.U. per mm. at 2,450, the wavelength 
being calculated by the use of the simple Hartmann formula. The plates were 
measured with a comparator of the Cambridge Scientific Instrument Co., reading 
to 001 mm. Each plate was measured a large number of times by two different 
observers, and the average of the readings was taken. The arc lines of tin, for which 
the accurate measures of Arnold) have been adopted, served as standard lines, 
and for the region between 42,200-2,000 the usual standards of copper“ and 
aluminium spark lines were also utilised. In general, the wavelengths may be 
claimed to be accurate to about 0-05 A.U. Great labour was bestowed in measuring 
up the plates, as the existing measures of many of these lines were far from being 
suitable for the present purpose. A detailed list of the spark lines of tin, giving 
the stage to which each line is believed to belong, will be presented in a separate 
communication. 

The notation is the same as that used in the previous Papers. The subscript 
denotes the inner quantum number. The first term is denoted by “ 1 P,”’ the second 
by “2 P,”’ and so on in each case, and when only one term is found the numeral 
is omitted. 

IDENTIFICATION OF THE SERIES. 

The method of identification of the series in Sn 1V was, in the first instance, by 
applying to the case of the spectra of silver-like atoms the relativity laws, the fecun- 
dity of the application of which to a Jong chain of atoms of the same electronic 
structure has been clearly brought out in a series of Papers by Bowen and Millikan. 
The chief members of the secondary series of the spectrum of In III, resembling 
those of Ag I, Cd II, have already been indicated in an earlier communication. The 
location of these in the spectrum of Sn IV was therefore greatly facilitated. The 
regular and irregular doublet-law-progressions with atomic number, as shown below, 
indicate the value of the frequency of 2S, —2P, to be approximately 26,000 cm.-1, and 
the doublet separation (2P,—2P,) to be about 2,200. 


2S, -2P, (i; 2S. —9P. 

Element. vD Diff. v Diff. 

AgI (5,946) (5,741) 
6,447 5,978 

Cd II 12,393 11,719 
6,655 5,992 

In UI 19,048 17,711 
6,843 6,003 

Sn IV [25,891] 23,714 


G6Q 
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(Fourth power law) (Z —s)= X/ Kv/0-0 135. 
| ig ‘Atomic Ss 
| Number Element. Av Z=-s (screening) As 
(Z). (2P, —2P) constant). 
| 47 Agl 202-9 11-08 35-82 
| 2-76 
| 48 (GelIOe 672-82 14-94 33-06 
1:80 
49 In III 1,337-4 17-74 31-26 
| 1-30 
50 Sn IV [2,177-4] [20-04] (29-96) 


Comparison of the separations with the squares of net nucl 
atoms Ag I to Sn IV gave about 2,190 cm 
tion of the spectrum showed at once 

4,215-74 to fit in perfectly into th 
short wavelength side is certainly str 
is of a principal series. 
doublet separation with the square of the at 


It will be o 


-1for the second“ P”’ 


e above progressions. 


of the same vertical group of the periodic table. 


ear charges of the four 
separation. Examina- 
the strongly enhanced doublet A43,861-26, 
The component on the 
onger than the other, showing that the doublet 
{ interest to observe, also, the variation of the 
omic number of the elements C, Si, Sn 


| Atomic 

| Number Element. Av Av/Z? Av Av/Z? 
Z. LP, ies 2P, -2P, 

6 CIV | 107:4 2-984 

| 14 $i IV | 460-0 2-347 162 0-8264 

| 50 Sn IV 6567-0 2-603 2177 0:8712 


The progression of the member of the diffuse series indicated that the strong 
line 42,848-51, which certainly belongs to Sn IV, may be 2P, —2D3. 


Variation of 2P, —2D3. 


Element. v Diff. 
AglI (5,715) ; 

9,149 
Cd II 14,864 

9,924 
In UI 24,788 

: 10,308 

Sn IV [35,096] 


But for a long time the examination of the quartz spectrograms failed to reveal its 
companion 2P,—2D,, which, according to the intensity rule, must also be equally 
strong. However, the second order spectrum (Fig. 3-B), taken with the concave 
grating, distinctly showed the strong lines A2,706-23, which, in behaviour, is identical 
with 22,848-51. Its proximity to the intense arc line 42,706-5 caused the initial | 
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difficulty. The pair and satellite given below were therefore taken as the required 
diffuse member. 


AOICAS (Ent): v (vac.). Av 
2,875-73 (5) 34,763-6 
332-2 
2,848-51 (10) 35,095-8 
2,177-21 
2,706-23 (9) 36,940-8 


The detection of this member removed all doubt as to the certainty of the 
identification. 

A further search among the enhanced lines belonging to Sn IV for pairs with 
the above separation 2,177-4 resulted in the finding of the two following :— 


haleAs Int. v Av 
3,071-51 (8) | 32,547-9 | 
| 2,177-6 
2,887-79 | (10) | 34,618-4 
| 107-1 
2,878-89 (4) 34,725-5 | 
2,659-85 (4) 37,585-0 | 
2,178-0 | 
2,514-14 (4) 39-763-0 


that it must be an inverted diffuse member, while the second is taken to be a pair 
of the sharp series. 

The consistency of the allocation of these lines is shown by calculating the 
formule for the two series. The brighter components of the pairs are used for the 
determination of the limits. 

(1) Limit from the sharp series— 

S,(2)=2P, —2S,= —25,891-4 
$,(3)=2P, —3S,= 37,5850 

16R 

(m-+1-35313}? 


Le., limit 2P,=130,191. 


s(m) =130,191 


(2) Limit from the diffuse series— 

d,(2)=2P, —1D,= —34,618-4 

d,(3)=2P,—2D3=  35,095-8 

16R 
[m+1-23722]2 
limit 2P,—132,841. 

The agreement between the limits is as close as can be expected from the use of the 
simple Rydberg formula. 


d,(m) =132,841 — 
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The Primary Series.—The chief lines of the Sn IV spectrum constituting the 
primary series are to be expected in the extreme ultra-violet. But the observations 
of the spark spectrum of tin in the vacuum grating region are not satisfactory for 
a sure identification of these series of lines. From the formula calculated above 
from the sharp series there results for the first principal series doublet 


Sp 10 
aia Omeecl we/al) - 


16R 


2P = 132,309 = gap 


—— | v Av 


1S, -1P,= 71,030-4 
5,684-8 
1S, -1P,= 65,345-6 


eS ee 


Carroll has already located from a consideration of the sequence of atoms Ag I to 
Sn IV the pair 


—— v Av 
1s;-1P,= 76,063 
6,507 
ts oP 69,556 


The agreement between the observed and calculated positions is not quite perfect, 
and this must probably be due to*the approximate character of the formula employed. 
The position of the first diffuse series member can also be approximately determined 
through the observed inverted doublet, but the data of Lang‘ do not show the 
required pair and satellite with the appropriate separation. The vacuum grating 
measurements must be more exhaustively made before this member can be fixed 
correctly in the light of these results. 

Fundamental Series.—The location of the members of the fundamental series 
is next considered. In the case of most spectra the first member of this series is 
very prominent, and characterised by a high intensity and diffuse nature of the 
lines. It is expected that the corresponding member in the spectrum of Sn IV must 
also have been strongly excited under the conditions studied. And the separation 
AvD, > is known from the disposition of the inverted doublet 1D —2P to be equal to 
107-1 cm.-1 From the approximate value of the first ‘“D’’ and “‘ F” terms, as 
judged by the sequence of terms of Ag I, etc., and also from the general run of these 
corresponding members in this sequence, 


eS: c 


Agl 5439 
Cd IL 18588 
Moe IGOl 33228 
Sn IV 


it is seen that this member very probably occurs between 42,100-— 2,000. 
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Exposures of about an hour and a half with the large size. Hilger quartz 
spectograph on Schumann plates brought out clearly the spectrum to the very limit 
of the instrument. The first order of the sharply focussed concave grating was also 
made use of for a careful examination of the spectrum in this region. The line 42,040 
is seen faintly on the concave grating plate, while the quartz spectrum extended up 
to 42,072. The measurements of Lang begin from 42,040 and extend towards the 
region of shorter wavelengths, so that it is believed that a knowledge of the spectrum 
in the entire region that is required for the identification of this member is available. 
As a result of examination of the spectrum down even from 12,400, it is found that 
there is no prominent pair with the appropriate separation 107-1. This at first 
caused great anxiety, but it was afterwards discovered, as will be presently seen, 
that the difficulty is due to the larger energy difference between the first doublet 
“ F”’ levels than that between the first doublet ‘“‘D”’ levels. The strong pair of 
lines shown in the following table was prominently observed from the outset. That 
this pair belongs to the trebly-ionised stage is unquestionable, and it has been 
classified as due to Sn IV by Kimura and Nakamura.® The magnitude of 
the separation 165-5 shows that it cannot 


sada Bae possibly be ‘either.a “Por A, De 
separation. The region 42,220 is exactly 

DF 3 where the first pair of the super-funda- 
Av=1071 > vincressi"§ mental (FG) series may be expected. 
~_AV=I655 The corresponding members in the spectra 


of In III and Ga III have been found to 
be fairly intense, as indicated in a previous Paper. It is therefore supposed that 
the above pair constitutes the combination (/4,—G) doublet. 


per Ae Int. v Av 
2,229-18 (8) 44,845-6 
165-5 
2,220-98 (8) 4,501-1 


If so, the first member of the fundamental series must consist of two strong 
lines with a separation (165-5 —107-1) equal to 58-4, accompanied by a faint satellite, 
the structure being as indicated in the above diagram. . 

A search for this pair at once showed the following doublet, which agrees 
well with the above view. But the satellite could not be traced, perhaps owing to its 
faintness and the region in which it must appear. As for the second fundamental 


A LA. Int. | v (vac.) Av 

| 
2,084-27 (8) | 47,963-0 a 
2,081-75 (8) | 48,021-1 


series, there isa pair 4/3,779-6, 3,732-90 with the separation Av=331-1, or perhaps 
the pair and satellite 3,779-63, 3,764-49, 3,732:90, which may be assigned to be the 
first member. But the second (FG) combinat:on line or pair has not been found, 
and much reliance cannot be placed on this combination, as the second “ f’”’ term 
value calculated from this is much too small. par 
The consideration of the location of other combination pairs—e.g., of the third 
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series—from among the fainter lines of the enhanced spectrum is deferred for the 
present till the spectrum of Sn III has been examined in greater detail. This and 
the study of the series representing Sn IJ are still in progress. 

The Diffuse Term Separations. —A peculiarity noticed in the ‘‘ P ® separations 
exhibited in this spectrum deserves mention. Carroll has called attention to a 
rule that /A\v/c? is constant for a given sequence. The following table gives the first 
and second ‘‘D” term separations in silver-like atoms and the values of Ayv/c?. 


| (Dp, =18,) | Av /c? | 2D, -2D, | Av/c? 
Agl 20-3 20-3 | 10-6 10-6 
Cd II 154 38-5 73-5 18-4 
In IIL 283 31-4 181-4 20-2 
SnIV | 107 6-7 332-2 20-8 


It is seen that the second ‘‘ D”’ term separation agrees with the rule, but the first 
separation falls much below the value suggested by the rule, and, in fact, very 
pecu'iarly below even the second “ D”’ separation. It is significant here to point 
out that the ‘‘ D”’ separations are recorded in Al III but not in Sn IV. 

Term Values.—The series presented form a connected system of members and 
the term values are evaluated, as usual, through the frequencies of the individual 
lines, by assuming the value of the ‘‘G” term to be equal to 70,400 cm.-(vje= 
4,400). Owing to the lack of the first diffuse doublet, the correct evaluation of 
the largest term 1S, of the spectrum, and therefore of the exact value of the fourth 
ionisation potential of tin, is not yet possible. Table I gives the values of the terms 
calculated, with the effective quantum number against each, obtained from the 
usual formula 


_ 16R 
(m —@)* 
where » is the total quantum number and (n —q) the effective quantum number. 
TABLE I. 
Term Term Effective 
Designation. Value.* Quantum number. 
G [70,400] 
F, 115,246 3:9032 
15s 115,411 3-9004 
1D, 163,267 3-2793 
1D, | 163,374 3-2783 
2D, 93,553 4-3322 
2D, 93,885 4-3245 
2P, | 128,648 3-6943 
2P5 130,826 3:6634 
255 154,540 3:3707 
3S, 91,063 4-4419 


* The terms are given correct to the nearest unit. 


of the four atoms of similar electron structure. 


ee or sats 
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The term 2P,=128,648, determined thus, agrees well with the value 130,191 obtained 
as a limit from the sharp series. 
Comparison of Terms.—In Table II a comparison is made of the series terms 


TABLE II. 
| 2S, 3S, 2P, ver al 2D, | Fy 
Ag 18,540 9,209 12,596 12,331 6,881 | 6,892 
Cd II 13,347 [7,300] 10,248 11,633 6,532 | 6,986 
In III 11,228 6,500 9,111 10,821 | 6357 | 7,128 
SnIv| 9,659 5,692 8,041 10,204 | 5,847 7,203 


The terms, as usual, are divided by 


| 


Finally, for the sake of convenience, the series ines indicated here are collected 


crib lesiuils 


TABLE III. 
Classification. LEAS Int. v (vac.). Av. 

25, -2P, 3,861-26 (10) 25,891-4 
2,177-4 

25, -2P, 4,215-74 (7) 23,714-0 

EAS 2659-85 (4) 37,585-0 
Zio 

oP acs. 2,514-14 (4) 39,763-0 

ID; —2P, 3,071-51 (8) 32,547-9 
2,177-6 

1D, —2P, 2,887-79 (10) 34,618-4 
107-1 

ID, 2h; 2,878-89 (5) 34,725-5 

2P,—-2D, 2,875-73 (5) 34,763-6 
3322 

2P, —2D, 2,848-51 (10) 35,095-8 
: 2,177-2 

2P, -2D, 2,706-23 (9) 36,940-8 

Lowe: [47,855:9] 
107-1 

1D, —F, 2,084-27 (8) 47,963-0 
165-2 

paren oF 2,081-75 (8) 48,0211 

eG 2,229-18 (9) 44,845-6 
165-5 

F,—-G 2,220-98 (9) 45,011:1 


In conclusion, I gladly take this opportunity of acknowledging my great 
indebtedness to Prof. A. L. Narayan, M.A., D.Sc., F.Inst.P., who has suggested 


this investigation, and given me valuable guidance throughout its course. 
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EXPLANATION OF PLATE. 


Figs. 1, 2, 3 are portions of spectra taken of the condensed spark in hydrogen 
at low pressures between electrodes of pure tin. 

Fig. 1.—Quartz spectrum. (a), (2), (c) are taken with increasing inductance. 

Fig. 2.—Quartz spectrum in the ultra-violet below 72400, taken on a Schumann 
plate. 

Fig. 3 (A).—First order concave grating spectrum. 

Fig. 3 (B).—Second order concave grating spectrum, showing the line 12706-23 
distinctly resolved from the arc line 12706-5. 
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XXXII.—THE LATENT HEAT OF EVAPORATION OF SULPHUR. 


By J. H. Awsery, B.A., B.Sc., Physics Department, The National Physical 
Laboratory. 


Received March 31, 1927. 


ABSTRACT. 


The latent heat of evaporation of sulphur was determined by finding the loss of weight of 
a vessel full of sulphur when energy was dissipated in it at a known rate. Heat losses were 
prevented by immersing the vessel in the vapour of sulphur ; a method of correction for the heat 
loss by having a dummy vessel with a smaller heating coil, and using the differences in energy 
and in weight evaporated, for the two vessels, was tried but gave unsatisfactory results. 

The value found for the latent heat was 79, the accuracy being estimated at 2 per cent. 


HE principle of the method to be described is that of measuring the quantity 

of sulphur boiled off from a vessel, when a known amount of heat energy 

is supplied. If the loss of heat from the vessel can either be eliminated or estimated, 
the latent heat is given directly from the two quantities. 


PRELIMINARY SERIES. 


In some preliminary experiments efforts were made to eliminate the heat loss 
by using two similar vessels containing sulphur, and placing them symmetrically 
in an electric resistance furnace. A radiation shield was interposed between the 
vessels and the walls, as shown in Fig. 1, and the temperature in the sulphur was 
maintained as near to the boiling point 
as was possible, by adjustment of the 
Siero furnace current. Thus the heat loss 

should be the same for each, and 
would be eliminated by taking differ- 
ences. 

Each of the vessels, as may be 
seen in the figure, had an outlet bent 
over to face downwards. To this was 
attached a straight tube of Pyrex 
glass, projecting through the base 

Apparatus for Preliminary Experiments. of the furnace. The vessels were 

Fic. 1. provided with heating coils of 

different lengths, the two _ being 

connected in series and each provided with potential leads; thermocouples 

were also inserted into the vessels through narrow tubes, similar to those through 

which the leads for the heating current passed. All these fine tubes were packed 
with asbestos wool. 

Two cases then arise. If the furnace temperature is initially slightly above 
the boiling point of sulphur, both vessels will slowly distil off sulphur, and when 
the current in the heating coils is switched on they will both continue to receive 


(Main Vessel |’ 


> Dummy 


Sulphur é 
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energy from the furnace walls at the same rate as before (since both are at the boiling 
point). The energy dissipated in the heating coils will be employed entirely in 
vapourising sulphur, so that the difference in the amounts volatilized should corre- 

spond to the difference in the energies dissipated in the respective coils. 
The other case occurs if the furnace is initially a little below the boiling point. 
In this case the energy supplied has first to raise the tubes and their contents to this 
temperature, after which boiling commences, but a part of the energy is radiated 
all the time to the furnace walls. It 
—~-Leads to is clear that, whatever the initial 
| HealingCoil temperature, the method demands 
that the tubes should be similar and 
symmetrically placed, so that the one 
with the smaller heating coil either 
gains or loses heat to the same extent 
as the other. If this condition is 
fulfilled, the difference in energy 
should again correspond to the differ- 

ence in weights evaporated. 

The energy was measured by 
readings of current and potential drop, 
and the weight of sulphur determined 
by weighing the container before and 
after. 

The results of a number of ex- 
periments, in which the conditions 
Sulphur were widely varied, indicate the 
difficulty of attaining the conditions 
in which the heat losses are sufficiently 
equal to be eliminated in the differ- 
ences. They gave, as the latent heat 
Sulphur for at the normal boiling point, the 
= [ Vopour Jeske following figures (in calories per gram) : 
ee ss is 80-3, 70-5, 90-0, 63-7, 69-1, 66-0, 70-0 ; 
; a mean, 72-8, 


Receiver 


Thermo- ~— 


couple 


SECOND SERIES. 


The method was therefore con- 

Final Apparatus siderably modified, and a new series 

Fie. 2. of experiments undertaken in the 
apparatus of Fig. 2. 

The furnace was replaced by a sulphur bath, which automatically provided 
for the maintenance of the correct temperature, eliminating even the difficulty of 
the variation with barometric pressure. Experiments with a thermocouple in the 
experimental vessel showed that the temperature of the boiling point was reached 
to within the accuracy of the couple, whilst prolonged experiments with the tubes 
in the sulphur bath, but with no current in the heating coil, showed no loss of weight 
due to evaporation. Hence the pair of vessels were no longer necessary, since 
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there was no gain or loss of heat other than that due to the heating current. The 
series of experiments was therefore carried out with only one vessel, surrounded by 
a radiation shield and inserted in the sulphur vapour, as in Fig. 2. 

Since the outlet would now be immersed in the vapour of sulphur, precautions 
had to be taken to prevent its ingress after the heating current in the coil was switched 
off. The means of avoiding this is indicated in Fig. 2. A bulb with two vertical 
outlet tubes was attached to the main vessel, one tube projecting out of the bath 
to serve as an air condenser. Thus the sulphur evaporated during an experiment 
was collected in this bulb, and a check on its weight was obtained by weighing 
both the main vessel and the collector before and after an experiment. The joint 
between the two was made by winding asbestos paper tightly over the two tubes, 
whilst fitted end to end, and binding it with asbestos string. It was found that 
this makes an excellent joint, if the asbestos paper is moistened immediately before 
use. A summary of the experiments is given below :— 


Observation period. Heating current. Latent heat at the boiling point 
(Minutes.) (Amps.) (444-5°C.) (Cals. per gram.) 
6 2-1 78-5 | 
7 2:2 82-0 
4 2-0 77-5 
8 2-1 81-4 
7 1-4 76-0 
8 ell 78:8 
Mean 79-0 


Taking into account the possible systematic errors, the accuracy of this result 
is likely to be of the order of 2 per cent. 


COMPARISON WITH PREVIOUS RESULTS. 


Only two determinations appear to have been made previously. One is due 
to Person, who worked under reduced pressure, and stated that the temperature 
at which he worked was 316°C. The result, obtained calorimetrically, was 362 
calories per gram. Another estimate was made in 1914 by Beckmann and Liesche, 
from the rise of boiling point of solvents when sulphur was added, as 64:8, but this 
involves a knowledge of the molecular weight. These authors accept estimates 
from chemical data of the relative quantities of S, and of S, respectively, but appear 
to assume that the proportions of the two kinds of molecules is the same in the 


vapour and liquid phases. 
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DISCUSSION. 


Capt. C. W. HuME: The author suggests the possible occurrence of small systematic errors. 
It is noticeable that the value of the specific heat rises quite definitely with the quantity of 
sulphur evaporated, if this be taken as proportional to the product of the * observation period ”’ 
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and the square of the current ; though there is a marked exception in the case where the current, 
or rate of evaporation, is exceptionally small. Perhaps these considerations may suggest some 
source of systematic error, and enable the most reliable value of the latent heat to be 
selected. 

Dr. E. H. RAYNER pointed out that a certain quantity of heat would be expended in filling 
the vessel with vapour which would not pass out. 

Dr. EzER GRIFFITHS, in reply to the discussion, said that the chief systematic error would 
arise from the carrying over of liquid particles by the vapour, The kink in the walls of the 
vessel, just under the outlet, was intended to prevent this, but a large number of experiments 
would have to be made for a conclusive trial of its efficiency. It was presumed that the vessel 
was initially full of sulphur vapour, as it had been immersed in boiling sulphur for some time 
before the experiment began. 
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XXXIV.—THE REFRACTION AND DISPERSION OF GASEOUS CARBON 
TETRACHLORIDE. 


By H. Lowery, M.Sc., F.Inst.P., Head of the Physics Department, Technical 
College, Huddersfield. 


Received April 27, 1927. 


ABSTRACT. 


The refractive index of gaseous carbon tetrachloride has been found for the green mercury 
line (A5461), the result being expressed in connection with the density of the gas, that is, so as 
to show the refractivity of the gas by the same number of molecules as 1 c.c. of hydrogen contains 
at N. fP: 

Adopting the value 1:001799 for the refractive index under these conditions, the dispersion 
of the gas has been studied over the range )4800 to 46700, and is represented by the expression 


Lye Se 
BM" 7831-7 X10" —v? 
v being the frequency of the light. 


I. INTRODUCTION. 


[| continuation of an investigation on the refraction and dispersion of gaseous 
compounds, the refraction and dispersion of gaseous carbon tetrachloride have 
been studied. 
Mascart* found the refractivity of gaseous carbon tetrachloride, relative to 
that of air, to be 6-05 for sodium light. No measurements of the dispersion appear 
to have been made. 


II. EXPERIMENTAL. 


The optical arrangements were the same as those in the work on gaseous carbon 
disulphide,t a Jamin interferometer being employed in connection with a Hilger 
constant deviation spectroscope as monochromatic illuminator. 

To determine the refractive index of the gas, preliminary experiments were 
carried out, using a method employed by C. and M. Cuthbertson,{ in which the 
substance under investigation is introduced (in the liquid state) into the refraction 
tube by means of a small capillary tube. Full details of the method are given in 
the Paper referred to. 

In the case of gaseous carbon tetrachloride, however, it was found more con- 
venient to work with apparatus similar to that employed in the experiments on 
carbon disulphide. The vapour pressure of carbon tetrachloride at 30°C. is 14 cms., 
and this pressure is sufficient to allow of the order of 250 interference fringes being 
counted under the conditions of the experiments. 

A reservoir of pure liquid carbon tetrachloride was put into communication 
with the refraction tube by a connecting tube lagged with asbestos fibre, and sur- 


* Comptes Rendus, LXXXVI, p. 1182 (1878). 
+.Proc. Phys. Soc., Vol. 38, p. 470 (1926). 
{ Phil. Trans., A, Vol. 213, p. 15 (1913). 


A422 Mr. H. Lowery on 


rounded with a coil of wire which could be heated by an electric current. Both 
refraction tubes were mounted between the interferometer plates in a tank and were 
kept throughout an experiment at a steady temperature of about 45°C. by warm 
water. The interferometer plates were screened from the heat of the tank of water 
by sheets of asbestos. 

Before an experiment was begun, the carbon tetrachloride was solidified in the 
reservoir by means of solid carbon dioxide, and the refraction tubes thoroughly 
exhausted. It was then gradually warmed up to about 30°C., the number of inter- 
ference bands displaced in the telescope being counted as the gas entered the refrac- 
tion tube. Since the density bulb, refraction tube and connecting tube (surrounded 
by the heating coil) were at a temperature considerably higher than that of the 
reservoir, no condensation could occur in them. The amount of vapour which 
passed into the refraction tube was determined by means of the density bulb, and 
the refractive index was calculated from the expression 


4 _ nh ( standard density ) 
ery) density observed in the experiment 


where » is the number of interference bands counted, / the length of the refraction 
tubes, and 4 the wavelength of the light employed. 

Pure liquid carbon tetrachloride was supplied by Messrs. British Drug Houses, 
Ltd. 


Ill. Results. 


(a) Refractive Index of Gaseous Carbon Tetrachloride. 

Ten experiments were performed in order to determine the refractive index of 
gaseous carbon tetrachloride for the green mercury line (45461), with the following 
results i= ; 

(u —1) X10&—1795, 1798, 1805, 1802, 1794, 
1799, 1804, 1798, 1795, 1800. 
Mean—1799 (45461). 


These values were worked out from the expression above, so that they show the 
refractivity of gaseous carbon tetrachloride by the same number of molecules as 
1 c.c. of hydrogen contains at N.T.P. 

From the data C=12-000, H=1-008, Cl=35-457, and density of hydrogen= 
0-08985 grams per litre at N.T.P., the standard density of carbon tetrachloride 
vapour is 6-856 grams per litre. 

In the present work the mean density of carbon tetrachloride vapour is found 
to be 6-814 grams per litre, the reduction being effected by the expression 


dana, C4279) , 100 
273 p 

where d is the reduced density, dy the observed density at pressure p mms. of 

mercury and temperature ¢° C. The experimental density of carbon tetrachloride 

vapour is given in Watt’s Dictionary of Chemistry as lying between 5-24 and 5-33 

(air=1), that is, between 6-76 and 6-89 grams per litre. 
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(b) Dispersion of Gaseous Carbon Tetrachloride. 


The dispersion was measured in six experiments, with the results shown in the 
accompanying table. 


The second column contains the results actually obtained in the experiments. 
From these the constants in the Sellmeier dispersion formula (single term) have been 
obtained by the method of least squares, the resulting expression being 


fe —1=13-543 X 10?7/(7831-7 x 102? —y?), 
The values in the third column have been calculated from this expression. 


Dispersion of Gaseous Carbon Tetrachloride. 


(uw —1) x 108. 
ANE Difference. 
Observed. Calculated. 

Li 6708 1774, 0 1774, 6 | +6 
Cd 6438 1778, 4 1778, 6 | +2 

Li 6104 1784, 6 1784, i -—3 
Hg 5770 1791, 8 1791, 1 —7 
Hg 5461 1799, 0 1798, 6 —4 
Cd 5086 1810, 1 1809, 6 —5 
Cd 4800 1819, 6 1820, 0 +4 


(c) Comparison between Mascart’s Work and the Present. 

For 45893, the above expression gives “~=1-0017884 as the refractive index 
expressed in terms of the density of the gas. To reduce this value to the correspond- 
ing value under N.T.P. conditions, it must be altered in the ratio 

(Experimental density at N.T.P.)/(Standard density) =6-814/6-856. 
The reduced value so obtained is 1-001777 (for 45893 and N.T.P. conditions). 
Mascart’s value is 1001768 if the refractive index of air be taken as 1-0002923 under 
the same conditions. 

The author’s thanks are due to Professor W. L. Bragg, F.R.S., and Mr. C. 
Cuthbertson, F.R.S., for the loan of apparatus and much helpful advice. 
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XXXV.—REGULARITIES IN THE SPECTRUM OF IONISED NEON. 


By P. K. Kicuic, M.Sc., Research Scholar, University of Allahabad. 
Received May 17, 1927. 


ABSTRACT. 


A number of lines lying between 47282 and 43142 occurs in the condensed discharge spec- 
trum of the more volatile gases of the air. These have been attributed to singly ionised neon, 
and the present Paper comprises an analysis which confirms this view. 


[_JVEING* and Dewar in 1900 observed a large number of lines between 27282 to 
13142 by passing a condensed electric discharge through tubes filled with the 
more volatile gases of air. They were unable to trace the source from which they 
were derived. Fourteen years later Merton} obtained most of these lines in tubes 
filled with pure neon. None of these, however, were included in Paschen’s{ analysis 
of the arc spectrum of neon. More recently L. and E. Bloch§ and Dejardin have 
obtained these lines by the method of electron-bombardment, and found that they 
come out strongly at 49 volts. On this basis, they ascribe these lines to singly 
ionised neon. The present analysis confirms the indentification of L. and E. 
Bloch and Dejardin beyond doubt and is in strict accord with Hund’s theory of 
complicated spectra. 
We may begin by writing down the terms which may be expected according to 
Hund’s theory :— 


Structure Diagram of Ne.* 


K 
2 jie ius 
2 5 
M, > M, > M, 
v v 
N,2N, 
Table of Theoretical Terms, 
Position of . 7 : ; 
alence lectrene: Terms calculated. Terms observed. 
(a) 5L, 2p 
v p . - 
(d) 4L,M, YE tly SS YE | Ie 
‘) | 
(c) 4L,M, sf) 4P 4S. 3D AP 3S) | 4p_4p 45 
fs 4L.M, ‘fp 4p, {Pp 3 2D eP ip Ap 4p 
(e) 4L,N, 4P 2D 25 2p 


* Liveing and Dewar. Proc. Roy. Soc., A, Vol. 67, p. 467 (1900). 
+ T. R. Merton. Proc. Roy. Soc., A, Vol. 89, p. 447 (1914). 

{ F. Paschen. Ann. d. Phys., Vol. 60, p. 405 (1919). 

§ L. and E. Bloch and Dejardin. Jour. de Phys., Vol. 7. 
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We shall prefix successively the small letters a, b,c. . . . to the various 
levels arising from different electronic configurations to distinguish those of the 
same type, e.g., all terms due to 


4L.,M, will have the prefix “‘ b,” 
4L.M, will have the prefix ‘“‘c,” etc. 


The clue to the classification of the lines of ionised neon was furnished by the 
c4P —d4P multiplet forming a distinct and isolated group of lines between 1/ 2799 
and 2756. The deepest terms so far found correspond to 54P obtained from the 
combination 4/.,]7,. These account for some of the strongest lines present in the 
spectrum, and occurring as reversals in L. and E. Bloch and Dejardin’s list. 
Obviously the lines arising from a?P, if they are present at all, would be situated 
in the far ultraviolet and lie outside the region investigated. 


The Multiplets. 


| Dalen 298-8 OAPs 518-0 yee 
| c 4P, 26650-2 26949-0 
| 182-5 (4) (7R) 
| c4P, 26467-6 26766:6 27284:5 
222-7 (8R) (7) (9R) 
esp, | 26543-4 27061-8 
(8R) (10R) 
GAD: | 29891-8 30190-8 
144-2 (5) (4) 
| ond, 29747-8 30046-5 30564-9 
249-7 (5) (5) (2) 
BaD, 29796-9 30315-1 
337°3 (7) (8) 
c 4D, 29977-4 
(10R) 
Co, 33005-7 33304:5 33822-7 
(4) (7) (7) 
The lines 
(1) 3713-07 
26924-2 (10R) 
(2) 3694-19 
27061-8 (10R) 
(3) 3664-05 


27284-5 (9R) 


have been listed by Paschen as arc lines. They are without doubt spark lines, and 
HH 2 


426 Mr. P. K. Kichlu on 


represent some of the fundamental lines of the ionized element. Their intensity 
is considerably enhanced in the condensed discharge. 

The multiplets obtained between the terms of the combinations 4L,M, and 
4L,M, are shown below :— 


c “Ps PPG LIE 222:7 BIE c4S, 
dP, 36082-3 36264-8 29727-7 
304-8 (1) . (3) (1) 
d4P, 35777-6 35960-0 36182-3 29422-0 
377-0 (3) (2) (2) (1) 
ad'P, 35582-9 35805-5 29044-6 
(4) (4) (1) 
d‘*D, 32825-2 * 
98-0 (3) 2 
d‘D, 32726-9 32909-5 33131-9 26370-5 
106-0 (5dv) (3) (3) (0) 
d‘D, 32803-6 33025-7 26264-7 
80-8 (6) (4) (1) 
dD, 32944-9 
| (5) 
a = | 
d‘F, | 34574-0 ~ 84755-4 _ 34979-0 28217-5 
145-2 | (0) (3dr) (1) (7) 
d4F, 34611-2 34833-9 28072-3 | 
325-4 (1) (1) (4) 
d‘F, 34508-0 
528-1 (1) 
d 4F, | 
* The line here is evidently masked by the strong line 33005-4 (4). 
c*D, 442 cD, 2497 cD, 3373 64D, 
d ‘4P, 32840-3 32984-8 
304-8 (2) (2) 
dP, | 32535-5 32679-3 32929-1 
377-0 | (1) (3) (2) 
a ‘P, ? 32553-3 32889-3 
(2) (4) 


SiirrrnnETETTEnnETnEEE nn nnn 
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c4D, 144-2 c4D, 249-7 c4D, 337-3 4D, 
dD, 29583-0 29727-7 
98-0 (0) (1) 
d‘D, 29485-2 29629-2 29878-9 
106-0 (0) (2) (1) 

d'D, 29523-2 29772-1 30109-3 
80-8 (1) (2) (1) 
ad*D, [29691}* 30028-8 

(4) 
d‘F, 31330-5 31475-7 31725-6 
145-2 (2) (3) (2) 
a4F, 31330-5 31579-7 31917-2 
325-4 (2) (2) (2) 
d‘F, 31254-8 31592-2 
528-1 (6) (3dr) 
CES 31064:1 
(8) 


In addition to the quartet terms given before we also expect a number of doublet 
terms of slightly smaller value than the corresponding quartet terms of any particular 
combination. Though the existence of a number of other terms has definitely 
been established it has not yet been found possible to identify their natures unam- 
biguously. In any case, no intercombination lines connecting quartet systems 
with doublets have been discovered. Pending further analysis these other terms 
have been designated variously as a, 8B, y,...... in the list of classified Ne* 
lines which follows :— 


Table of Classified Net Lines. 


r i y (Vac.) Combination | | r a v (Vae.) | Combination | 
2756-68 3 | 36264-8 c4P, —d'P, 2876-41 3dr 34755-4 | cP, —d4F, | 
2762-97 3 36182°3 cAP, —d4P, 2888-39 1 34611-2 | c4P, —d4F, 
2770-63 1 36082-3 c4P, —d‘P, 2891-50 0 34574-0 | c4P, —d‘F, 
2780-05 2 | 35960-0 c4P, —d'P, 2897-03 1 34508-0 | c4P,-d4F, | 
2792-04 4 35805-5 c§P,—d4P, || 2910-11 2, 34352-9 | c4P, —y 
2794-22 3 | 35777-6 c*P, —d4P, || 2916-22 1 34280-9 | c4P, —« 
2809-51 4 | 35582-9 c4P, —d!P, 2925-66 2 341703 | c4P, -y 
2858-02 1 | 34979-0 c4P, —d*F, 2933-71 1 34076-6 | c4P, —B 
2869-93 l 34833-9 c4P, —d‘F, 2935-29 0 34058-2 | c4P, -a 


Dt ee eee 

* There is a line 29689-3(6) which falls very near the line required here, but its intensity 
is sostrong that it is probable that it comes from some other source and masks the line c4D, —d ‘D,. 
The line 31330-5 occurs twice as c 4D, —d 4F, and c 4D, —d ‘Fs, because ¢ 4D, —c 4D,=d 4F,— 
d 4F,=145. 
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x af v (Vac.) Combination | 
2951-15 i) 39876-2>— | c*Pe | 
2953-10 0 | 33852-8 a oe 
2955-77 7 | 33822-3 b&P, —c4S, | 
3001-72 7 33304-5 Blane a || 
3017-36 3 | 33131-9 c4P, —d4D, | 
3027-07 4 | 33025-7 o4P, —d4D, | 
3028-90 4 33005-7 b4P, —c4S, | 
3030-82 2 32984-8 c§D, —a*P, | 
3034-49 5 | 32944-9 c4P, —d4D, | 
3035-95 2 | 32929-1 c8D, —d'P, | 
| 3087-75 3 | 32909-5 c4P, —d4D, 
| 3039-62 4 | 32889-3 c4D, —d4P, | 
| 3044-10 2 32840-9 64D, =P; | 
3045-56 3 | 328252 | c4P, —d4D, | 
| 3047-60 6 | 32803-2 c4P, —d4D, | 
| 3054-70 5dv| 32726-9 Ee —dD, | 
| 3059-15 3 | 32679-3 c4D, —d'P, | 
3070-99 2 | 32553-3 c4D, —d*P, | 
| 3072-68 1 | 32535-5 c4D, —d'P, | 
3132-20 2 31917-2 CD, —a*F, | 
3151-12 2 31725-6 c4D, -d*F, | 
3164-42 3d? | 31592-2 c*D, OF, | 
3165-68 ¥ 31579-7 GAD. OF, 
3176-14 3 31475-7 4D, —a4F, | 
3190-86 2 | 31330-5 c4D, —d'F, | 
3198-58 6 31254-8 c4D,—d*Fy 
3218-22 8 |. 31064-1 c4D, —d'F, | 
3232-38 3 3928-0 c4D, -y 
3243-42 2 30822-8 c4D,—B 
3248-16 8dr| 30777-8 c*D, —a 
3263-40 2 30634-1 cD, —a | 
3269-84 3 | 30573-7 c4D, —B 
3270:79 2 30564-9 b{P, —c4D, 
3297-74 8 | 30315-1 b'P,—c4D, | 
3311-32 4 30190-8 b4P, SCID), 
3320-28 1 30109°3 c4D,—d4*D, 
3327-22 5 30046-5 b4P, =¢4D, 
3329-18 4 | 300288 c4D, —d4D, 


N nf vy (Vac.) Combination 
3334-89 10R| 29977-4 b#P,—c4D, 
3344-44 5 | 29891-8 bIP, —c4D, 
3345-88 1 | 29878-9 c§D,—d‘D, 
3355-09 7 | 29796-9 b4P, —c4D, 
3357-89 2 | 29772-1 c4D,—d4D, 
3360-63 5 | 29747-8 b4P, —c4D, 
3362-90 1 | 29727-7 c£D, —d,D, 
3367-25 6 | 29689-3 c4D,—d'D, 
3374-08 2 | 29629-2 c4D, —d4*D, 
3379-34 0 | 29583-0 c§D, ~d4D, 
3386-20 1 29523-2 c4D, —d*D; 
3390-56 1 | 29485-2 c4D, —d4D, 
3397-84 1 | 29422-0 clS, =d4P, 
3441-99 1 | 29044-6 c4S, —d'P, 
3542-89 7 | 28217-5 c4S, —d4F, 
3551-52 1 | 28149-0 c4P, —8 
3561-21 4 | 28072-3 c4S, —d'F; 
3574-65 5 | 27966-8 c4P, -8 
3594-15 2 | 27815-1 cfS, —y 
3632-74 1 | 27519-6 c4§S, -a 
3659-91 2 | 27315-3 8S y8 
3664-05 9R| 27284-5 b§P,—c4P, 
3694-19 |10R| 27061-8 b4P, —c*P, 
3709-66 | 7R| 26949-0 b4P;—c!P, 
3734-94 7 | 26766-6 ofP, —c4P, 
3751-25 4 | 26650-2 b4P, —c4P, 
3766-28 8R)| 26543-9 b4P, —c*P, 
3777-14 8R| 26467-6 b4P, —cP, 
3791-05 0 | 26370-5 oso =a 
3806-32 1 | 26264-7 c4S, —d4D, 
4224-57 1 | 23664-4 v—OP, 
4257-25 1 | 23482-8 y=otP, 
4298-00 0 | 23260-1 v—ctP, 
4377-95 2 | 22835-3 u—ctP, 
4413-16 4 | 22653-1 = e8P, 
4457-04 4 | 22430-1 p—-@P, 
4569-02 5 | 21880-4 6 —c4P, 
4616-04 3 | 21657-5 @—c4P, 


Further investigation is proceeding. 
The author wishes to express his best thanks to Prof. M. N. Saha for his interest 


and guidance during the progress of the work outlined in this Paper. 


Note added during correction :—After this Paper has been through the press, 


doublet terms have been identified. 


communication. 


They will form the subject of a further 
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XXXV1.—NEWTON’S LAW FOR THE EMISSION OF HEAT IN CARBON 
DIOXIDE. 


By SYBIL MARSHALL, B.Sc, A.RLC.S¢., DIC. 
Received May 10, 1927. 


ABSTRACT. 


_ This Paper is an extension of the investigation, started by the author and Mr. Vick, of the 
justification of employing Newton’s Law of Cooling when estimating the external heat loss 
from the surface of a solid in a gaseous medium. In this case, the loss in a vertical system, 
containing in turn CO,, oxygen and nitrogen, was examined, the apparatus consisting of com- 
pensated platinum wires mounted along the axes of ice-water cooled glass tubes and connected 
to the terminals of a Callendar-Griffiths bridge. The results show that, for tubes between 1 cm. 
and 3 cm. diameter, the law is applicable only as far as 10°C. for pressures between 1 atmosphere 
and 6 cm. mercury. ‘The deviation above this temperature depends on the width of tube and 
the density of the gas, being greater for CO, than for oxygen or nitrogen. 


INTRODUCTION. 


[N May, 1925, the author and Mr. Vick presented a Paper to this Society on “ The 

Control Conditions under which Newton’s Law is Valid for the Emission of Heat 
from Electrically-Heated Wires.’ The experimental results were shown in the 
form of curves obtained by plotting the total wattage loss, C?R,, against the tem- 
perature, 0, of the wire, keeping the pressure constant for each curve. A horizontal 
system of tubes containing air was used. 

For investigating the heat transmission through carbon dioxide, the author 
had built a new system of tubes, arranged similarly to those described in the above 
Paper, but vertically disposed, in order to minimise the very large convective loss 
one would expect in this heavy triatomic gas. Another advantage that the vertical 
system had over the horizontal was that the ice and water thermostat® designed 
for this apparatus proved more efficient than the type used for the horizontal 
tubes. 


APPARATUS. 


The apparatus consisted of two long and two short pieces of 4 mil platinum 
wire cut from the same specimen. Each of these was mounted along the axis of 
a lead glass tube by means of thicker platinum leading wires, one of each pair of 
leads being a spring to keep the fine wire taut. One long wire 4 and one short 
one B were enclosed in separate pieces of tubing of about 3 cms. diameter, and 
connected across the main and compensator terminals respectively of a Callendar- 
Griffiths bridge.) The other long and short wires were mounted along 1-2 
cm. bore tubing and connected similarly to another bridge, the wide and narrow 
systems being electrically independent, but in gaseous connection with each other. 
Both were connected to a pump and a CO, generating apparatus’) and immersed 
in an ice and water thermostat. 
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Fig. 1 shows the vertical type of apparatus already described and used in the 
following investigation. The external leading wires are omitted from the diagram 
to avoid confusion. The electrical connections of one of the two systems are shown 
in Fig. 2. A and B represent the main and compensator wires, respectively, inserted 
in the arms of the Callendar-Griffiths bridge, each in series with a standard ohm, S.R. 
P isa potentiometer circuit connected across the terminals of the standard ohm 
in series with the main wire, and E isa serics of rheostats in the main battery circuit, 
by means of which the current supplied by this circuit covld be varied. 


EXPERIMENT. 


The temperature range of the experiment extended between 0” pt. and 65° pt., 
the upper limit being the tempera- 
ture corresponding to the maximum 
heating effect for which the bridge 
coils were designed. Starting with 
atmospheric pressure, and first using 
the wide system of tubes, the bridge 
was set at the highest temperature, 
the current in the battery circuit 
adjusted until a balance was obtained, 
and the current through the wires 
measured by means of the potentio- 
meter across the terminals of the 
standard ohm in series with the 
main wire.@) The wattage loss, 


HAe|e] | ——-w, 


Fic. 1.—Tupxs. Fic. 2.—DIAGRAM OF CONNECTIONS. 


2Ry 


100” could then be calculated for this temperature 0; C being the current in 


amperes and R, the resistance indicated by the bridge in cms. bridge wire, where 
100 cms. bridge wire is equal to 1 ohm. The temperature of the wire was then 
dropped in a series of steps of 5° pt. and the current measured for each, keeping 
the pressure constant. A curve could then be plotted showing the relation 
between the heat lost by the wire and its temperature. The procedure was 
repeated using various pressures below atmospheric, and a set of constant 
pressure curves was obtained for this system of tubes. A _ similar set of 


431 


tf Heat. 


10On O 


Newton’s Law for the Emiss 


The following 


ter. 


lame 


th the smaller di 


€S Wl 


readings was carried out for the tub 


results were obtained 


98:0 9490-0 | 18:3 FFOT-O | TI-€ TOIT-O | SI-€ 90IT-0 | e1-€ LOTT-O 00-€  Z80I-0 G-99S 0-8 
TT 810-0 | $9-F 881-0 | 8T-¢ 8OFT-0 | ES IFT-0 | 86-9 OzFT-0 | eg-¢ gzpt-0 | 08-6 FzPFT-0 G19 L-€T 
| 16-1 6280-0 GEo-9 F9CT-0 FE-L 099T-0 | GPL 899T-0 CFL GLOT-0 1G-L 6L9T-0 6F:L SLOT-0 G-99G GSI 
| 6 $9600 | 47-8 E9LT-O | G26 FLET-0 | 39-6 881-0 | 9-6 Esto | 2-6 9681-0 | €8-6 eo6I-0 | Gz-IZz e-¢e 
| 80-€ 9G0T-0 | S€-0T oe6I-0 | 2-11 €90c-0 | 98-11 s20e-0 | e6-IT 120¢-0 | 20-21 680-0 | ET-Zt 9602-0 GS-9LZ  -F-8Z 
f9-€  9EIT-O | 6F-ZI 0606-0 | OT-FI 8EZZ-0 | 89-FI H8ZZ-0 | 8EFI 0922-0 | LL-FI 0682-0 | F9-FI z8zz-0 | es-I9z ¢-ke 
| LTP LOGT-O = SBI FEZZ-O | SE-9T Z6ES-0 | 29-91 90FZ-O | C9-91 11#Z-0 | SL-91 OzFZ-0 | LE-91 eeFs-0 0-98% 9-8¢@ 
GLP FLEL-O | GZ-9T ZOES-0 | GO-61 6EEs-0 | 16-81 €¢9%-0 | OT-61 O9¢¢-0 | St-6T 29¢%-0 | 6&-6T O8¢Gz-0 0-163  8-&F 
LOG FEET-O | OF-8T L8FZ-0 | 80-TZ 1998-0 | 09-12 698-0 | €1-28 FELZ-0 | 89-12 SOLZ-0 | Sees zPLZ-0 0-962  6-8F 
8S Z6ET-O | ZF-0S F09Z-0 | LL-EZ O18Z-0 | 12-F% 9E8Z-0 | 86-Z O88Z-0 | G9-FZ 098z-0 | 09-F2 8E8Z-0 0-10E 0-Fg9 
68-9 9PFFT-0 | I¢-33 FILZ-0 FILS 0866-0 | 02-8% SE0E-0 | 09-23 6662-0 | €9-L3 €008-0 | eL-G0e T-6¢ 
66-9 661-0 | €9-F% LI8z-0 CF-6Z 8008-0 | 09-08 9ETE-0 | GL-018 Z-+F9 
| 
‘SHaay | MOWIVN 
£8-0 6990-0 | S%3 8960-0 | 29-3 OT0T-O | IL-8 LTOT-O | 24% OZ0T-0 6L:3  -LEOL-0 9-193 0-8 
SET 06L0-0 | 90-F LEZT-O | OFF T6ZT-0 | GFF 0631-0 | Sor oTET-0 | oF zéeto | z6-F geet-o 9-993 T-€I 
96-T 080-0 | ZL: ISFI-0 | 48-9 OZST-0 | 98-9 OFST-0 | E¢-9 OGcT-0 | 68-9 ee6er-0 | 08:9 ZIOT-0 9-1LZ 3-81 
TSG £9600 | OL 9€91-0 | ST-8 LILT-O | 68-8 TI€ZI-0 | 9-8 89Z1-0 | 66-8: 608T-0 | Z6-8 ZER8t-o 9916 GE 
60-€ LPOT-O | STG ZO8T-O | OT-OT F6ST-0 | 8Z-OT TI6T-O | 98-01 961-0 | ZE-TT 800z-0 | OL-IT ge0z-0 918% F-8Z 
| 49€ LTT-0 | 08-01 LF6T-0 | 60-21 F0Z-0 | ZE-ZT 208-0 | 60-€T seTz-o | 69-8I SsIz-0 | OL-FI LIZz-0 9-982 ¢-Ee 
0G-F O0BT-O | 89-ZI £80B-0 | 86-ET 0612-0 | IFPI 885-0 | BEST 16zz-0 | OT-9T Osez-0 | 8¢-91 FREz-0 9-163 9-88 
FLY = P9IZT-O | OFFI O1ZZ-0 | LT-9L FEES-O | GE-9T Z9Es-0 | BL-LT LPPS-O | LO-8T 80gz-0 | eF6I OCez-0 9-966 8-&P 
GEG BETO | GENT 9GES-0 | OL-8T B9FZ-O | O8-8T 86FZ-0 | 16-02 G68Ez-0 | 8z-Is 9992-0 | OL-se LOLZ-0 9-108 6-8F 
88S O8ET-O | CEST 9EPZ-O | LF-0% F8GS-O | ZI-1Z 892-0 | CL-2% FZLZ-0 | OT-FS €O8Z-0 | 06-FZ 1¢8z-0 9-908 0-F¢ 
“F-9  GEFT-O | OT-0G OFLZ-0 | ZL-ZZ 00LZ-0 | OF-FZ OFLZ-0 | GE-sz zEesz-0 | 06-98 886z-0 | S8-2z 086z-0 9-11E T1-6¢ 
00-L 88FI-0 | Z0-ZS 8E9z-0 | 00-3 0182-0 LL:63 9908-0 | 38-08 ZzZIe-0 9918 ZFF9 
86-63 I1€23-0 9-1ZE $69 
“SHa oy Hal 

M20. Me 2 TD 21 Ps E30) 9 ese) @) TD 2) Wd 3) re 60 
0-0 02-0 C19 Z6-FS C6-8F 09-29 0&-9L ‘SH ‘sug 

‘TIA UN. oN “AL Bue 00 "Tt ‘omssoig 


432 Miss Sybil Marshall on 


DiscUssION OF CURVES. 

It will be seen from the curves in Fig. 3 that for COQ,, even in a vertical system, 
convection was present to a considerable degree at temperatures above 10° pt. for 
tubes of about 1:5 cm. radius. This is shown by the fact that the curves corre- 
35 sponding to various pressures 

NEWTON'S LAW | do not coincide above this 

rage temperature, as would be the 
area case if conductivity, which is 
independent of pressure, alone 
were operative. For tubes of 
the above diameter, all curves 
corresponding to pressures 
down to 6 cm. mercury merge 
into the same straight line 
between 0° pt. and 10° pt., 
showing that for this region 
alone is Newton’s Law obeyed. 
Here convection is absent, all 
the heat being carried by con- 
° 10 a0 6 as = a J eer, duction, if we neglect radiation 
Gi pea es which is less than a half of 
ee one per cent. of the total 
heat loss. The dotted con- 
tinuation of this straight line represents the variation with temperature of the 
heat lost by conduction over the whole temperature range of the experiment, 
and the difference between »+ as : & : 


a 
° 


R 


ne) 
is} 


& 


TOTAL HEAT LOSS IN WATTS 


ra) 


the ordinates of the total Nee Se 
tn COg 
heat loss curve and _ those 30] (wARROW TUBES) - 


of the straight line give the 
heat lost by convection at any 
given temperature.* At the 
higher temperatures the curves 
diverge increasingly from the 
dotted line, the greater the 
pressure, the greater being the 
resulting increase of divergence 
with temperature. 

For the narrower tubes, 
whose radius was less than 
half that of the wide tubes, 
there was less convection. : a We peace ie ae ae 
The curves are very much Fic. 4. 
closer together, and _ they 
almost coincide with the same straight line up toa temperature of 20° pt. Above this 

* That the heat lost by conduction is represented by the tangent at the origin to the total 
heat loss curve, is indicated by the fact that the slope of this tangent is independent of the 


pressure over the same Tange as that over which the conductivity is independent of pressure, 
and that both diminish as the pressure is lowered when the latter is less than 6 cm. mercury. 
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temperature their divergence from one another increases very slightly, but there 
is a marked increase in their common divergence from their original direction. 
This tendency, which is also shown in the wide system, suggests that, even for a 
pressure of 6cm. mercury, Newton’s Law is valid only up to a temperature of 20° pt. 
for these tubes, on account of convection always being present at higher temperatures. 
Therefore, if one wishes to make use of the above law in estimating heat loss from 
surfaces in an undisturbed atmosphere of CO,, these must be vertical, the distance 
from the hot surface to the cold not exceeding } cm., and the limiting temperature 
difference is 20° pt. 


Heat Loss at Low PRESSURES. 


When the pressure was reduced to 2 mm. mercury, the curve for each system 
tended to a straight line whose slope was less than that of the straight line to which 
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the curves corresponding to the higher pressures approached,* and thisstraight line 
was different for each system. This change in the slope of the line, showing the 
variation of conductivity with temperature, is due to the fact that, at pressures 
where the mean free path of the molecules becomes comparable with the dimenssion 
of the tubes, conductivity no longer obeys Fourier’s Law and ceases to be independent 
of pressure. At the above pressure the curve for the narrow tube is practically a 
straight line up to 50° pt., but for the wide the curvature becomes appreciable at 
40° pt. 
The only instance in which Newton’s Law was obeyed over the whole tem- 
perature range and for both widths of tube was when the tubes were evacuated to 


* That the heat lost by conduction is represented by the tangent at the origin to the total 
heat loss curve, is indicated by the fact that the slope of this tangent is independent of the 
pressure over the same range as that over which the conductivity is independent of pressure, 
and that both diminish as the pressure is lowered when the latter is less than 6 cm. mercury. 
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the degree obtainable with a Gaede mercury pump. In this case the wattage/ 
temperature curves for both tubes became one and the same straight line, whose 
slope was approximately one-third of the slopes of the two lines to which the two 
sets of curves tended for pressures above 6 cm. mercury, even though the curves 
for all pressures down to 2 mm. inercury tended to a different line for each set of 
tubes. Therefore, at this low pressure the heat transmission is independent of the 
distance between the hot and cold surfaces, showing that it is due to radiation and 
radiometer action”) alone. Newton’s Law is never obeyed over an indefinite 
temperature range under the ordinary conditions necessary for conduction to take 
place according to Fourier’s Law, where convection is bound to creep in as the 
temperature is raised and thus introduce a departure from the straight line law, 
but at low pressures where radiometer action occurs the law is obeyed and then only. 


NEwton’s LAW FOR OTHER GASES IN A VERTICAL SYSTEM. ~ 


Dr. H. Gregory and the author having just completed their determinations of 
the thermal conductivities of Oxygen and Nitrogen, the latter made use of the 
results to draw curves showing the variation of the wattage loss per cm. of wire with 
the pressure of the gas in the tubes at constant temperature. From these were 
drawn wattage/temperature curves (Figs. 5 and 6) at constant pressure which, up 
to 10°C. and for pressures between 10 cm. and 70 cm. mercury, coincided with the 
same straight line whose slope depended on the diameter of the tubes, but was found 
to be approximately the same for the two gases on a-count of their thermal con- 
ductivities being nearly equal. Above this temperature a slight deviation from the 
original direction set in, which was more marked the higher the pressure. In the 
case of both gases at 25°C. this was between 3 and 4 per cent. of the total heat loss 
at that temperature for the wide-tubes, and only 2 per cent. for the narrow. Below 
10°C., therefore, one may disregard convective loss, which is represented by this 
deviation, for both widths of tube, and even up to 25°C., it is so smail that one may 
safely assume Newton’s Law for the heat transmission through Oxygen or Nitrogen 
in a vertical system, whose hot and cold surfaces are separated by a layer 
of gas not exceeding about half a centimetre at a pressure not appreciably above 
atmospheric. 
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ABSTRACT. 


The interference and diffraction effects of sound waves of frequencies above 4,000 per second 
are studied quantitatively, using as detectors both sensitive flames and the ear. 

A telephone energised by oscillatory currents produced by a thermionic tube circuit is used 
as a source of sound. This source has distinct advantages over other high pitch sources such 
as the Rayleigh bird call and other forms of whistle. Many of the experiments can be done 
with the sensitive flame fed by gas at ordinary pressures. 

Two forms of sensitive flame are employed, one responding to points of maximum air density 
variation, and the other to maximum motion of the air. 

The experiments on interference show results analogous to the optical interference experi- 
ments of Lloyd, Fresnel and Newton, and very close agreement is obtained between measured 
and calculated positions of points on the hyperboloid fringe systems. An experiment is described 
in which results analogous to certain Heaviside layer effects are obtained. 

Diffraction near various obstacles and a sound zone plate are studied. 

Some observations are recorded on the fatigue of the ear and binaural audition. 


"THE Papers of the late Lord Rayleigh contain details of numerous experiments 
made with high frequency sound waves and in these experiments the acoustic 
analogies to many well-known experiments in optics were examined. 

The present Paper gives details of a repetition and extension of these experiments 
in which use was made of a different type of source of vibration. 

Rayleigh used as his source a “ bird call’ or whistle of very high pitch. Experi- 
ments with this instrument for use in lectures showed that it is not an easy piece 
of apparatus for anyone whose laboratory equipment does not include a blower 
by which steady air pressure can be obtained. 

It was therefore decided to test the possibilities of a telephone receiver placed 
in the plate circuit of a three electrode vacuum tube which was producing oscillatory 
currents of the desired frequency. This arrangement has the great advantage 
that its frequency is regular and is under control. Also the intensity of the sound 
can be varied by means of a resistance box used to shunt the telephone earpiece. 

A coil of 1,500 turns of insulated wire was wound with mean diameter about 
3 inches. This formed the inductance of the circuit which was completed as shown 
in big, 1. 

A variable condenser of about 0-01 microfared maximum capacity was used 
to tune the telephone note. 

The circuit used gives frequencies between 4,000 and 16,000. 

A sensitive flame was used as a detector aided occasionally by the ear. 

The results obtained were in most cases very definite, and this form of telephone 
whistle is recommended to anyone who wishes to perform with the minimum of 
trouble the very beautiful experiments on interference. These can be done for 
frequencies below 12,000 without the use of a high pressure flame, so that they are 
within the power of anyone who uses the valve circuit. 
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In making the sensitive flame jets it is best to draw out several from fairly 
wide bore (1 cm.) glass tube and to test each on the ordinary gas pressure. If the 
flame roars, its pressure can be reduced by the use of a screwcock until it is just 
silent. If the jet is of any use, it will now respond to an S sound. 

An opening 0-1 cm. diameter is about right, and the jets can be adjusted by 


means of an ordinary glass file. 


Two Forms oF SENSITIVE FLAME. 

It was found that the flame could, with sounds of certain frequencies, be adjusted 
to one of two sensitive states. As one of these appears to be unknown to many 
experimenters, it may be of interest if details are given. 7 

The more usual form of sensitive flame is obtained when the flame is just not 
roaring. Then, when the source of high pitch sound is switched on, the long silent 
flame drops to form a short noisy one, of which the behaviour has been described 
in detail in Tyndall’s Sound.* Measurements of the positions for which the flame 
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roared and was silent when stationary waves had been produced in front of a reflecting 
surface, showed that? the flame is most affected at a loop or antinode. On the other 
hand, it was found that in some cases, if the flame is first adjusted until it is rustling 
but not roaring loudly when there is no sound, then the switching on of the whistle 
causes the flame to become quiet and longer than before. When this type of flame 
was used to explore the stationary waves in front of a plane mirror the positions 
of least movement of the flame were such that this flame was silent at a loop of the 
stationary wave system. The coal gas pressure used for both of these flames was 
about 8°6 cms. of water. 

Two sets of measurements are given later. 

Measurements of the exact positions of interference and of diffraction fringes 
were made easier by mounting the stand carrying the sensitive flame on a small 
trolley fitted with rubber wheels. When this was done, the flame could be inoved 
from place to place very smoothly so that it did not roar owing to mechanical 
vibration. 

In the experiments, a high pressure flame was rarely used, because the gas 


* Pp. 232 to 240. 
y As Rayleigh states, Phil. Mag., page 153 (1879). 
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reservoir available only maintained the flame at pressures of 25 cms. of water for 
about 5 minutes, and this made the location of a field of fringes a very tedious busi- 
ness. Most of the measurements were therefore made with the reservoir connected 
to the ordinary supply mains. These supplied the gas at about 10 cms. of water 
which, by choice of a suitable jet, gave very good results for sounds up to a frequency 
of 11,000. The wavelength so obtained (3 cms.) is short enough to show quite 
sharply defined shadows. 

The range of frequencies to which a jet responds is often very small—in one 
case 5 separate responses were measured between 4,260 and 4,640. 

The sensitiveness, as other experimenters have pointed out, varies very much 
for disturbances of the same frequency coming from different directions. 

With jets on which measurements were made, it was found that the frequencies 
of response were unaffected by small changes of gas pressure, although the sensi- 
tiveness fell off rapidly as the pressure was lowered from the critical stage at which 
continuous roaring begins. 

Measurements were made to see if any simple relation exists between the various 
frequencies to which a given jet responds. The following are the records for 4 
different jets showing the frequencies to which each responded :— 


(1) 11000, 7610, (7100), 6600, (6000), 4450, 4000, 

(2) 7610, 6470, (6000), 4390. 

(3) (7400), (6530), 4640, 4520, 4400, 4350, 4260. 

(4) 10600, (10000), 7800, 7100, (6470), 4550. 

The frequencies in brackets gave much weaker effects on the flames. 


EXPERIMENTS ON THE REFLECTION OF SOUND. 

Reflection of the higher pitch sounds, particularly of those just audible to the 
average person, can be shown very well across a large lecture room by using the 
ordinary metal mirrors supplied for experiments in sound and in the radiation of 
heat. These give a very sharply defined beam of sound which can be focussed by 
another mirror on a sensitive flame at considerable distances. Very useful cylindrical 
mirrors of large aperture can be made at negligible cost from a large sheet of thin 
three-ply wood bent to a convenient shape by means of two pieces of cord. 

Thin three-ply wood was also used to make a lecture table ‘‘ whispering gallery ” 
by which the creeping of the sound waves along the surface can be shown and the 
way in which the disturbance is cut off by an obstacle placed against the wall but 
is unaffected by obstacles some inches away from the face of the gallery.* 

In this experiment use can often be made of the relative insensitiveness of the 
flame to sounds coming from certain directions. + 


INTERFERENCE EFFECTS DUE TO STATIONARY WAVES FORMED BY REFLECTION. 


The positions of the nodes of stationary waves formed in front of any reflecting 
surface are very clearly marked when the telephone whistle is used. The measure- 
ment of consecutive positions of minimum flame disturbance in front of a plane 
mirror gives the most convenient way of determining the wavelength and the 


* Raleigh, Proc. Roy. Inst., Jan. (1904) ; Bragg, World of Sound, p. 84. 
t+ Bragg, p. 26. 
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frequency of the sound. Two sets of such measurements illustrate the difference 
between the two types of sensitive flame already mentioned. 

Using the ordinary type of flame the positions of least disturbance in front of 
a plane mirror were 

2-1, 4:1, 6:3,58-3,.10-9) 12-6, 14-7 cms: 
These are in the ratio 1, 2, 3, 4, 5, 6, 7. 

If the loops had been points of least disturbance the series would have been 
1p3, 07 Te 

With the other sort of flame a set of readings for least disturbance were 2-2, 
3-6, 5-2, 6-6, 8-1, 9-5 cms. Here the ratios are 3, 5, 7, 9, 11, 13, showing that the 
positions of least disturbance of the flame corresponded to the position of loops of 
the stationary wave system. 

It is interesting to hear the variations of loudness of sound throughout a room 
when the note is switched on. The room is found to be filled with stationary nodes 
and loops, for, as the ear is moved, the sound wells out and diminishes in a fascinating 
way. This is best tested at first by holding a pad over one ear; the other ear will 
then be able to pick up more easily the stationary fringes in front of any wall. It 
was found that with the one-valve circuit used and 60 to 200 volts high tension the 
stationary waves could be located by a sensitive flame at distances up to 15 feet 
trom the source and for several feet from the particular reflecting surface, especially 
when beams of sound were obtained by the use of large curved mirrors. An additional 
valve amplifying circuit gave, of course, a great increase of intensity of sound. 


‘“Ltoyp’s MIRROR FRINGES’”’ AND ‘‘ CIRCULAR FRINGES.” 


Measurements were made of the interference system formed by placing the 
source in front of a large plane surface. 

The points of maximum and minimum disturbance of the flame were very 
sharply defined. 

A scale diagram is shown for wavelengths of 2-9 cms. (Fig. 2). It will be noted 
how well the measured path differences to various points agree with the theoretical 
values. 


An AcousTIc ANALOGY TO CERTAIN ‘‘ HEAVISIDE LAYER’? EXPERIMENTS. 


Professor Appleton pointed out to me that the interference experiments with 
short sound waves should give an illustration of certain effects which were recently 
made use of in an investigation of the reflection of wireless waves from the Heaviside 
layer.* In the experiment wireless waves of constant amplitude transmitted 
from Bournemouth, or from Teddington, were received near Peterborough. When 
the wavelengths of the transmitted signals were continuously vaiied the amplitude 
of the received signals passed through a series of maxima and minima owing to 
interference between the ground waves and those reflected from the Heaviside layer, 
of which the height could then be found. The analogous effect with sound waves 


can be well shown if a sensitive flame jet is chosen so that the sensitiveness is fairly 
uniform over a range of frequencies. 


* E. V. Appleton and M. A. F. Barnett, ‘‘ On Wireless Interference Phenomena between 


Ground Waves and Waves deviated by the Upper Atmosphere.’’ Proc. Roy. Soc. A, Vol. 113, 
(1926). 
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The flame was placed one or two feet from a vertical wall and the whistle, 
frequency 5000, was placed about an equal distance from the wall and six feet from 
the flame. When the capacity of the circuit was slowly and continuously increased 
by 0-001 microfarad the flame recorded 16 maxima and minima. The tuning for 
the points where the flame was long and silent was extremely sharp so that very 
steady variation of capacity was required to make the changes of intensity clearly 
visible. 

FRINGES FROM Two SOURCES. 

Two telephones in the same circuit give rise to a family of hyperboloid fringes 
and again the positions are very clearly defined. As the two sources are usually 
of different sensitiveness the best results are obtained by using a high adjustable 
resistance to shunt the windings of the louder earpiece. 

A scale diagram is given with measured path differences to certain points (Fig. 3). 

This arrangement of two telephones forms an impressive demonstration since 
the sensitive flame can be shown roaring violently under the influence of one source 
placed a few inches from it. Then, as the other telephone is brought up, the flame 
es passes through alternate states of dis- 
e turbance and quietude, and it can 
finally be left motionless and undis- 
turbed while the two telephones are 
fixed an inch or two away on either 
side and the whole room is filled with 
the whistling sound. 
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DIFFRACTION EFFECTS. 


It is found that the ordinary 
diffraction effects can be shown well 
over a large frequency range, using 
telephone whistles. Withaslit 20 cms. 
Fic. 3.—INTERFERENCE FRINGES DUE TO TWO wide by 43 cms. high, and a source 
SOURCES 40 CMS. APART. WAVELENGTH 2:8 CMS. 40 cms. away, a central maximum 

and several side maxima could be 
measured at 40 cms. beyond the screen (Fig. 4). 

The diffraction of the waves round an obstacle (a long rectangular board 23 cms. 
wide) gave a sharply defined “ bright spot ’’ on the line joining the source to the 
centre of the obstacle and a number of minima outside the geometrical shadow. In 
these experiments 3 cms. waves were used. 

In a similar way the zone of disturbance at the centre of the shadow of a circular 
disc can be shown. A glass disc 33 cms. diameter, cut for a Wimshurst electrostatic 
machine, was used as the obstacle. With the source 50 cms. from the disc the central 
spot and two other zones could be detected within the geometrical shadow and one 
outside it. The wavelength was 4-4 cms. 


THE ZONE PLATE. 


A zone plate was cut out of thick cardboard with the inner circle of radius 
7-7 cms. and the other rings with radii in the ratios of the square roots of 1, 2, 3, 4, 5, 
etc. Using waves of 4:4 cms. with the source 30 cms. and the flame 17 cms. from 
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the zone plate it was easy to show that the disturbance was very strong with the 
central zone out and was much less with the second zone also removed. It was 
definitely greater again when the third zone was removed and still more vigorous 
with zones 1 and 3 out and with 2 replaced. The removal of other alternate zones 
seemed to have no marked effect presumably because of the obliquity of diffraction 
from them. The length along the axis over which the disturbance seemed to be a 
maximum was about lcm. The distance of the source and flame enable us to 
calculate the first focal length of the zone plate. 


Thus, 1/(—17) -1/30=1/f, 
and f=-—llems. 
The simple theory gives the focal length as— 


(Radius of inner ring)? 


Sais wavelength 
= Bee —13 cms. 
4-4 


With shorter waves we get, as we might expect, a closer agreement between the 
observed and the calculated values. When the wavelength was 2°95 cms. and | 
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the source was distant 30 cms. the point of maximum disturbance was 57 cms. | 
beyond the zone plate. This gives f=-—19-7 cms., and the calculated value for this | 
wavelength is 20-1 cms. 


DIFFRACTION AT A STRAIGHT EDGE. 


Diffraction effects could be detected round the edge of a large wooden screen. 
The gradual and progressive weakening of the effect on the flame as it passes into | 
the geometrical shadow is well shown and the presence of variation of intensity | 
outside the shadow. | 

Tuer DIFFRACTION GRATING. 


An attempt was made to construct a diffraction grating by means of cardboard | . 
strips fastened across a rectangular opening in a large screen. There were nine 
openings, each 3-4 cms., with the strips 1-7 cms. wide. The source was placed at 
the focus of a metal mirror 80.cms. from the grating. The frequency used was 
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11,600. With the flame 70 cms. behind the grating a set of interference fringes 
were found. They were spaced almost regularly at intervals of 9-2 cms. These 
positions were all confirmed by using a long rubber tube with its other end placed 
to the ear. No appreciable difference of intensity was noted among these positions. 
The use of the tube is not very comfortable or convenient. Only in a few cases can 
the unaided ear be used satisfactorily in quantitative observations, as usually the 
presence of the head causes too great a disturbance of the field of sound. When 
the ear is used as a detector it hears most sound where the density variations are 
greatest.* Therefore, its maxima coincide with points of quietude when use is 
made of the ordinary type of sensitive flame, and to places of maximum disturbance 
of the other form. 


FATIGUE OF THE Ear. 


Lord Rayleigh} records that for sounds of very high pitch the ear becomes 
insensitive after three or four seconds, and that a momentary screening of the ear 
by the hand allows the ear partially to regain its power of hearing the whistle. I 
cannot detect in my own case any variation whatever in the loudness of the sound 
heard. 

When I can hear the sound (up to about 14,000) I find no appreciable fatigue 
even over long intervals. The head must, however, be kept quite still, because a 
movement through one centimetre may take the ear from a point of sound to one of 
silence. Experiments with a number of observers showed that while some noted 
no fatigue, others stated that the audibility diminished rapidly, but became tem- 
porarily greater again on moving the head. 


BINAURAL AUDITION. 


In accordance with a suggestion made by Professor E. V. Appleton, I have 
adjusted two high-frequency oscillators to give beats with one telephone earpiece 
in each circuit. This made possible a repetition at a high frequency of one of the 
experiments performed by H. Banister on the effect of binaural phase differences 
on the localisation of tones. 

In an early experiment with frequencies about 5,500 it was possible to adjust 
the beats to keep steady with frequencies down to three per second. Further 
adjustment then brought the two notes into unison. The notes remained in unison 
for a certain range of condenser variation in either circuit, this range being less 
when the degree of coupling between the two circuits was decreased. With weaker 
coupling between the two circuits the beats could be brought as slow as one in two 
seconds before the circuits “‘locked”’ into unison. It has been shown that the 
variation of capacity from one side of the unison range to the other is accompanied 
by changes in the relative phases of the two oscillations, which are in phase for one 
position, and have a phase difference of 180° at the other.§ 

Visual evidence of this phase change was obtained by arranging two telephone 
receivers, one in each circuit, about 3 ft. apart with a sensitive flame somewhere in 


* Rayleigh, Sound, Vol. 2, p. 77. 

+ Phil. Mag., p. 344 (1882). 

{ British Journal of Psychology, 15, p. 281, Jan. (1925) ; see also Phil. Mag., Vol. 2, July 
(1926) and August (1926). 

§ E. V. Appleton, Proc. Camb. Phil. Soc., 21, p. 231 (1922), and H. Banister, loc. cit. 
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their neighbourhood. When the telephones were producing sounds of slightly 
different pitch the disturbances of the flame kept time with the audible beats. The 
two circuits were just brought into unison so that the beats ceased and the flame 
was moved to a position either of maximum or of minimum disturbance in the 
interference system produced. When the flame was quiet a slow change of the capa- 
city of either circuit caused the flame to commence to roar as the condenser reading 
approached that which corresponded to the other limit of the unison adjustment, 
showing that the vibrations of the two telephone diaphragms had altered in phase 
through 180°. The use of a tube leading to the ear showed a corresponding change 
at any point from a maximum to a minimum of sound. 

It is hoped in a further Paper to describe other experiments in connection 
with the binaural effect at both high and low frequencies. 

Attempts are also being made to obtain visible sound fringes with a view to 
the possibility of photographing the effects so far obtained. 

The author desires to thank Professor Appleton for the above suggestions and 
for his encouragement, and Mr. Abley, of the College Laboratory, for his assistance 
in the construction of the necessary apparatus. 


DISCUSSION. 


Dr. D. OWEN: I should like to congratulate the author on an interesting series of experi- 
ments, The thermionic oscillator places at our disposal a steady source of sound of constant 
frequency, and the diaphragm of a telephone serves as a sufficiently small vibrating source 
to permit of a very beautiful and instructive series of experiments illustrating interference 
phenomena. ‘The Paper contains two novel points. In the first place the discovery that under 
certain conditions a low-pressure sensitive flame indicates the points of maximum pressure 
variation in a stationary system of waves, in contrast with the usual high-pressure sensitive flame 
which indicates the points of maximum particle displacement. In the second place the con- 
clusion is drawn that the low-pressure flames are sensitive only to certain frequencies. These 
are observations which merit fuller investigation. Inregard to the second it should not be over- 
looked that with a given telephone diaphragm actuated by a valve oscillator whose frequency 
is gradually varied, the intensity of the emitted sound rises and falls very markedly as the fre- 
quencies of natural vibration of the diaphragm are in turn passed through. Before the author's 
conclusion that the flame itself is selective can be accepted this factor must obviously be 
eliminated. I should be interested to know whether the author had succeeded with this type 
of sound source in actuating Kundt s tube. Such a means would be a welcome substitute for the 
tod excited by stroking. 


Prof. A. O. RANKINE suggested that the Doppler effect might be demonstrated by a change | 
in beat frequency when one of two simultaneously sounding telephones is moved towards or | 
away from the flame. 

This experiment was accordingly tried with success. 


Dr. J. H. Vincent: The author has added greatly to his interesting and important Paper 
by the successful demonstration which followed it. Has Mr. Humby tried different types of 
telephone receivers ? I have found that an instrument of the teed type has the useful property 
of acting as a source of high frequency sound when in the alternating magnetic field of a valve 
oscillator, even when unprovided with leads. As one can alter the intensity of the sound emitted 
by the telephone by changing its orientation with respect to the oscillator coil, the intensity 
can be adjusted to equality with an independent source ; under these conditions beats can be 
obtained of surprising distinctness. I was interested to notice that the author in one of his 
experiments employed the automatic synchronisation of two valve oscillators which were first 
shown to the Physical Society in 1920.» This phenomenon provides a simple means of producing. 
a high-frequency rotating magnetic field which perhaps would be useful in studying the gyro~ 
magnetic effect. 


* Vincent, Proc. Phys. Soc., p. 84 (1920). 
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Mr. W. E. BENTON said that the author might find it convenient to control the gas pressure 
by means of a governor of the kind used by gas companies ; this would keep the output pressure 
constant to about 2 per cent. for a 100 per cent. increase in the input pressure. An extremely 
delicate means for measuring small variations in amplitude was afforded by the pin-hole probe 
of Prof. Carl Barus. Owing to the flange which is formed in piercing a pinhole in a sheet of 
metal, the hole acts as a rectifier of sound waves, and when sound falls on it a difference in 
pressure is set up between the two sides of the sheet. This difference can be measured with a 
precision of 10° mm. of water by means of the interference manometer, in which a glass plate 
floats on the mercury in each limb of a manometer U-tube, relative changes in level of the glass 
plates being measured by means of an interferometer. This arrangement has been employed 
in the study of the amplitude of vibration in organ pipes. 

Prof. O. W. RICHARDSON said that Dr. Vincent’s arrangement for producing a high-frequency 
rotating field had been used by Mr. Fisher, of King’s College, in experiments on the gyro-magnetic 
effect. 

AUTHOR’S reply : I have attempted to use the telephone whistle on a Kundt’s tube, but so 
far the power available had not been sufficient to disturb the lycopodium powder. With regard 
to the possibility of apparent flame selectivity being due to the variation of amplitude of the 
motion of the telephone diaphragm, I feel that the figures given in the Paper show that variation 
of output cannot be the chief cause of selective response. The figures are for different flame 
jets with the same telephone as transmitter, and there were no frequencies common to all the 
jets. There should be if variation of output were the most important factor in determining the 
frequency at which response of the flame was obtained. 

Prof. Rankine’s suggestion for the demonstration of the Doppler effect by a change in the 
observed beat frequency when one of the oscillators is moved relative to the flame, gives an 
experiment similar to that in which one of two slightly mis-tuned tuning-forks is moved relative 
to the other. In either experiment the change of beat frequency can be heard, and can be 
rendered visible by the motion of a suitably chosen sensitive flame. 

Dr. Vincent’s observation of the effect of high-frequency induction effects on telephone 
receivers is of interest. I have only used about half a dozen different receivers, and all were of 
the ordinary diaphragm type. I also have noticed the surprising distinctness of the beats 
obtained when the two independent sources are carefully adjusted to equality of output by the 
variation of a high resistance placed in parallel with the louder telephone whistle. 

A gas governor of the type referred to by Mr. W. E. Benton should make it easier to carry 
out a series of measurements of stationary interference fringes. I had to be content with an 
improvised “‘ gasometer ”’ connected direct to the supply mains. For demonstrations, however, 
it was sufficient to use the gas direct from the mains, provided the jets were adjusted for the 
pressures which were available. 
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XXXVIII._SOME ADDITIONAL REFINEMENTS FOR PRECISION 
BALANCES. 


By J. J. Mantey, M.A. (Fellow of Magdalen College, Oxford). 
Received March 16, 1927. 


ABSTRACT. 


This Paper deals with certain small errors attendant upon the use of the rider of a precision 
balance, and shows how such errors may be rendered negligible. Attention is also drawn to 
some disadvantages resulting from the employment of velvet-covered pan arrestors and a plan 
is described for eliminating them. 


[N former Papers* certain devices for ensuring high precision in weighing have 
been described. In this Paper is given an account of some additional 
refinements whereby the attainment of still greater precision is rendered possible. 
The need for the new refinements was brought into prominence by the 
requirements of a recent problem for the solution of which it was necessary, amongst 
other things, to determine with considerable accuracy masses of less than 0-3 mg. 
To improve upon the refinements already in use was more than a little difficult ; 
hence attention was centred chiefly upon the rider and the manner of using it. 

The scale for the rider is usually engraved upon the beam itself: but in some 
cases it is cut upon an attached thin strip of metal. The upper surface of a balance 
beam is often flat and less frequently bevelled. A bevelled beam is either graduated 
or more generally serrated. In the case of the flat top, the position of the rider is 
ascertained by a scale cut upon the face of the beam: and, provided due care be 
observed, the plan is for most purposes sufficiently accurate. It may, however, be 
noted that we here assume that the crown of the placed rider is a horizontal right 
line running strictly perpendicular to the length of the beam. In general the crown 
is neither perfectly straight nor placed with the theoretical accuracy supposed. 
Errors arising from these two defects are likely to be more definitely marked in a 
beam that is flat than in one that is serrated. In the case of the latter they become 
vanishingly small when the bevel is acute and the serrations shallow and 
geometrically correct. But when a beam having a flat top is used and a series of 
rider settings of one and the same indicated value carried out, we find that successive 
resting-point determinations, instead of being invariable, differ very appreciably. 
Hence for high accuracy we must, under these circumstances, adjust the rider and 
determine the corresponding resting-point a number of times and accept the mean 
value as the best available. 

Another and not readily suspected source of error arises from a want of strictly 
accurate spacing of the scale divisions or the serrations, as the case may be. In 
illustration of this the results obtained by calibrating the beams of two high-grade 
balances with micrometers may be quoted. One beam was flat and the other 
serrated. In the first case the extreme difference in the spacing was 8-2 per cent. 


* Phil. Trans. Series A, Vol. 210, p. 387, and Vol. 212, p. 227. Also Proc. Roy. Soc. A, 
Vol. 86, p. 591. Article « Balance’’ Thorpe’s Dict. of Chem. New Edition. 
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and in the second 0-8 per cent. Expressed as possible variations in weight, these 
errors are respectively -085 and -008 mg. These several errors were minimized 
in the following way. 

First, to each end of the beam and at the back of it was attached by means 
of screws, as shown in Fig. 1 a, an L-shaped plate of aluminium. Next, two riders, 
having the form shown in Fig. 1, 6, were made and their flat ends perforated. One 
was of gold and the other of aluminium ; the first weighed 10 and the second 1 mg. 
After the riders had been adjusted, a platinum wire 0-1 mm. in diameter was drawn 
through each ; the two wires were then passed through holes pierced in the L-shaped 
plates, drawn taut and secured as depicted in Fig. 1. 

For moving the riders it was necessary to construct and substitute another 
apparatus for that commonly used; an end-on view of this is seen in Fig. 2. In 
the figure, A is a stout brass plate drilled for the reception of the tube used for 
operating it, and @,, @,, are two platinum wires 0-2 mm. thick, fixed and bent as 
shown. The relative positions of the two riders 7,, 7,, upon their wires are also 
shown. The movements of the stops sj, sj, about the centre c, are limited by a 
glass surface f, g. This limitation guards the stretched wires against undue pressure 
from w, and @,. By suitable horizontal and rotational movements of the plate A, 
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the wires w,, @», can be brought to bear against either face of the corresponding 
rider: and then by pushing or pulling, as the case may be, the rider can be moved 
to any point of the supporting wire. 

When the changes just described had been completed, it was no longer possible 
to stabilize the beam. This difficulty was overcome by removing one-half of the 
gravity bob from its normal position above the centre of the beam to the upper 
portion of the pointer upon which a fine thread had been cut for it. Thus the 
balance now possessed two gravity bobs, the one above and the other below the 
central knife-edge: by adjusting these any required sensitivity could again be 
obtained. We now consider the methods used for accurately determining any 
position occupied by a rider. 

As it was obviously impossible to locate a rider with any degree of precision 
by using the beam scale alone, a large reading-telescope mounted upon a travelling 
platform P, as shown in Fig. 3, was employed. The platform was provided with 
three contacts, which consisted of two brass balls at the back and a wheel, seen 
in front. The balls rested within a lubricated and rigidly fixed V-groove and the 
wheel upon a flat surface. The telescope was set up at right angles to the balance, 
and therefore when the handle H was turned the screw s moved the platform in a 
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direction parallel to the sighted beam. The traverse of the telescope was somewhat 
greater than the length of the beam: hence any part of the scale could be brought 
under observation. , 

When using this apparatus in connection with weighing, the simplest plan is 
first to move the 10 mg. rider until equilibrium is approximated, and then to obtain 
a sufficiently close approach to equality by moving the 1 mg. rider. The resting- 
point is then determined, the beam arrested and the telescope moved along until 
its fine vertical cross-thread coincides with, or rather covers, the thin edge of the 
sighted rider, the position of which is then noted. As will be seen, the position of 
the riders are in this way determined only with the usual degree of precision. The 
system does, however, offer two advantages. First, as the rider cannot be dropped, 
possible damage and loss are eliminated. Secondly, the position of the rider 1s 
defined with great exactness, and its contact is equivalent to a fine line drawn at 
right angles to the supporting wire. If by chance the eye of the rider is larger than 
it should be, the rider will at times rest slantwise; but in that case it can at once be 
correctly orientated by lightly tapping the stretched wire with the rider apparatus. 
The plan introduced for measuring the position of a rider with increased accuracy 
may now be described. 

On referring to Fig. 3, it may be seen that a tangent screw ¢ by which the tele- 
scope may be slightly rotated about its vertical axis is equipped with a head k and 
an index 7. The index is more clearly seen in Fig. 4, wherein is also shown a metal 
arc a graduatedinmm. The distance from the balance to the telescope was 225 cms. 
Under these circumstances, the coincidence of the cross-thread was transferred from 
one minor division of the beam to the next, when the index was moved over an arc 
of 42mm. The accuracy with which the position of a rider was determinable had 
thus been increased from an estimated 1/10 to a measured 1/42 of a minor division 
of the beam. 

The arms of the balance under discussion were each divided into 50 parts, and 
so for the two riders each division corresponded to the respective values of 1/5 and 
1/50 mg. Hence, by the device of the tangent screw, the accuracy with which any 
positional value could be measured was respectively 1/542 and 1/50 x42 mg. 
The advantage thus gained was utilised by means of the following optical method. 

First the central knife-edge block was drilled and one end of a fine aluminium 
tube inserted and secured. Into the other end of the tube, which was centred in a 
small opening cut in the beam case,* was thrust a wire supporting a flat palladium 
mirror. The mirror, which was adjusted vertically, faced a window of parallel- 
plane glass set s'antwise} in one end of the balance case. Opposite the window, 
and at a distance of 125 cm. from it, was a powerfully illuminated and perpendicular 
mm. scale. For viewing the image of this scale, a second reading telescope was 
directed towards the mirror and fixed at a distance therefrom of 3 M. As the 
effective length of the pointer of light was 6 M, and that of the ordinary pointer 
30 cm., the accuracy with which a deflection of the beam could be read was thus 
increased twentyfold. 

When the additional arrangements had been completed and the balance adjusted 
to a high sensitivity S, it was found that the resting-point changed by 300 unitst 
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+ Multiple images were thus avoided. 
t The unit was 1/10 mm. 
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when the weight in one pan was changed by 4/50 mg. ; whence, S=375 per 0-1 mg.— 
that is to say, a deflection of 0-1 mm. corresponds to 2-7 x10"? grm. It has already 
been shown (vide supra), that the positional value of a rider was in the one case 
ascertainable to 5x10-® and in the other to 510-7 grm. Hence, the accuracy 
with which the resting-point of the balance could be determined was now in excess 
of that attainable when setting a rider and amply sufficient for our purpose. 

It will be understood that the actual process of weighing is not quite so simple 
as that outlined above. In describing the method used for measuring the position 
of a rider it was tacitly assumed that the scale engraving upon the beam was free 
from error ; and as this was not so, it was necessary to calibrate it. The calibration 
was carried out in the following way. 

Tirst the index 7, Fig. 3, was set near the centre of its scale and its position a 
noted. Next the platform P was moved along by means of the screw s until the 
vertical cross-thread of the telescope coincided with the zero line on the beam. The 
index was then turned so as to transfer the cross-thread from the zero line to the 
next, and its new position Bread. The first division of the beam was thus measured 
in terms of the scale a, Fig. 4, its indicated value being B-—amm. The first division 
having been calibrated, the index was returned to its original position a and the 
telescope screwed along a second time, and on this occasion until it sighted the line 
marking division 1; then, on using the index as at first, the relative length of 
division 2 was determined. Proceeding thus, the whole scale was calibrated, and 
from the data obtained a table was prepared showing the weight values of the two 
riders for each of the 50 scale divisions upon the beam. The weight values for 
fractions of a scale division were found by interpolation. The plan adopted for 
guarding and lighting the beam must now be described. 

Apparently the utmost accuracy in weighing can be attained only when the 
beam is enclosed and guarded against radiant energy.* Under ordinary circum- 
stances the balance is readily affected and variations in its resting-point occur 
continuously. The beam of my own balance is protected by a small chamber which 
completely envelops it, also the glass panels of the case have been displaced by others 
of aluminium. The balance-room has but one window, and that is darkened during 
the operations of weighing, and whilst the balance is being loaded a water-cooled 
lamp is used. The powerful lamp employed for illuminating the vertical scale 
viewed by the second telescope (vide supra), is placed near the ceiling and screened 
by sheets of aluminium. Its light is thrown upon the scale by a system of lenses and 
a mirror. 

When the resting-point has been determined and the beam arrested, an alum nium 
shutter covering the front is dropped and the tubular lamp JL, Fig. 5, lit. The bottle 
B, filled with weak potassium chromate solution, constitutes a cylindrical lens ; and 
this not only forms a bright band of light along the entire length of the uncovered 
beam, but also absorbs heat rays emitted by L. The potassium chromate renders 
the light largely monochromatic, and so the scale upon the beam when viewed 
through the telescope appears remarkably sharp. A final precaution which con- 
tributed to success in the determination of small masses may now be dealt with. 

In some balances the pan arrestors have their tops covered with velvet, the use 
of which may be detrimental in two ways. First, I find that the applied velvet 


* Phil Trans. A, Vol. 210, p. 405. 
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usually exudes a substance which in time forms a film upon the bottom of the pan. 
It is improbable that such films are either equal for the two pans or permanent ; 
hence, in the case of such a high-grade balance as that under discussion, variations 
in the resting-point must almost inevitably ensue. The correctness of this view may 
be verified by those possessing first-class sets of gilt or platinized weights. The 
weights when lifted from their velvet-lined cells, are usually somewhat dull, especially 
when they have not been used for some considerable time. The removal of the 
dullness by silk results in an appreciable decrease in value. That the observed loss 
is not due to the removal of a part of the weight itself may be demonstrated by 
repeating the experiment with a number of weights. Usually they are constant 
after the first rubbing. 

Secondly, the pile of the velvet gradually flattens, and in consequence of this 
the arrestors and their pans tend to adhere. As the adherence is rarely the same in 
each case, a defect is manifested when the beam is brought into use, by the non-release 
of one of the pans. When the panis that containing the object, the fractional weights 
placed in the other may for a time exceed those actually required for weighing. 
The errors and inconveniences arising from the above-named sources were, in the 
present instance, avoided in the following way. 

First, the velvet coverings were removed, the heads of the arrestors turned flat 
and three small holes drilled through each. These holes were just within the rim 
and separated from each other by an angular distance of 120°. Finally, a short gold 
wire, the upper end of which terminated in a sphere* was placed in each hole and 
its lower portion bent against the under surface of the arrestor and thus secured. 
Armed with their triple contacts of gold, the arrestors have proved highly efficient. 

Contacts of gold were chosen for the simple reason that the pans were gilded, 
hence the loss and gain of the engaging points and surfaces mutually and automa- 
tically compensate each other. Had the pans been platinized, the arresting spheres 
and their wires would have been of platinum. 


* The spheres were formed by fusing one end of each wire, which was 0-5 mm, thick, in 
the flame of a blowpipe. 
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XXXIX.—ELECTRICAL SEPARATION BETWEEN IDENTICAL SOLID 
SURFACES. 


By P. E. Suaw, M.A., D.Sc., F.Inst.P., University College, Nottingham. 
Received February 20, 1927. 


ABSTRACT, 


(1) When one insulating solid is rubbed along and perpendicular to an identical one they 
acquire charges, ~—v¢ and +, respectively. 

(2) Continued rubbing so affects the surfaces of ‘‘ rubber” and ‘‘ rubbed ” that their pro- 
perties change, with reversal of sign to +e and —ve respectively. 

(3) The effect 2 is permanent, unless the surfaces be restored by heat treatment. 

(4) Oblique impact of two identical solids generates on them unequal charges. The net 
charge is, in general, —ve, 


[X the old standard compilation of Tribo-electricity* mention is made of charges 

arising when apparently identical solids are rubbed on one another. One 
of these cases was observed by Faraday, using like feathers. But no systematic 
investigation has been accorded to these unexpected results in the long intervening 
period. It will be shown below that, when suitable care is taken, identical solids 
do charge one another by friction or impact in a regulay way, and that at least for 
the many insulating bodies tried there is the same law of electrical separation for 
all. But if care be not taken the results will be found to be fortuitous. 

The materials used are ebonite, celluloid, caoutchouc, sealing wax, shellac, 
amberite, sulphur, charcoal, paraffin wax, glass, vitreous silica, mica. : 

The most convenient form in the case of ebonite, celluloid, etc., is a rod, say, 
10 cm. long and 1 cm. square section. Mica in thin sheet is wrapped round a glass 
tube and such material as shellac is melted on a glass rod. 


RUBBING AT ORDINARY TEMPERATURE. 


Ebonite.—In order to prepare the surfaces so that they may be identical they 
are thoroughly, but lightly, scraped with a keen razor edge and are then boiled in 
water till they are soft enough to bend easily. After drying and cooling the 
following effects are observed :— 

(1) Placing the rods across one another, one (A) is rubbed down the other (B). 
We then find A is charged —”, B +”. Discharge the rods by the side of, not 1m, 
aflame. Rub Bdown A. We find B —, 4 +. This action occurs in all places, 
on both sides. Thus the surfaces are now identical in behaviour. The “ rubber” 
in all cases being —%, the rubbed -+-™. 

When the surfaces behave alike in this way, we call them “ standard.” 

There is a real distinction between “‘ rubber’’ and “ rubbed,” since a much 
smaller area of the former than of the latter takes part in the rub ; and consequently, 
of the two, the rubber attains the higher temperature and is softer and more likely 
to yield and be strained under the great tangential forces applied in friction. 


* “ Reibungs electricitat,”’ by Riess, publ. 1855. 


450 Dr. P. E. Shaw on 


(2) Continued rubbing of the standard rods brings about a change of effect, 
the rubber gradually loses its —”, and the rubbed its +; in time they become 
neutral, and finally the signs are reversed with rubber +-”, rubbed =*. 

When in the neutral state, either rod may become —™”, the other being ++” 
according to the places rubbing, since the permanent effect of rubbing will not be 
uniformly distributed. A light rub may give a —" charge, a heavy one a --™, 
to the rubber. A curious effect is sometimes seen in the neutral state; a direct 
rub giving +”, a reverse rub —"’, to the rubber. 

(3) Prolonged rubbing results in the rubber always showing +”, the rubbed 
—ve and this condition is permanent, showing no change as time goes on. Let us 
call the new state of both rods sérained, in contrast with the initial “ standard OS 
unstrained state. 

Without observing their electrical action it is easy to tell whether two surfaces 
are unstrained by their soft feel when rubbed together. After much rubbing the 
surfaces feel hard and “ gritty ’’ on rubbing. 

(4) On scraping and boiling the rods, as in (1), they return to their pristine 
standard state. Thus we have a reversible cycle. A warning is necessary: the 
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rods should not be rubbed after boiling until they are cold, since when hot the 
material is so soft that strain may be imposed very rapidly and steps (1) and (2) 
may run into one another. 

The effects in the above experiments are shown graphically in Fig. 1, where 
the headings refer to the above four experiments. 

The simple apparatus used to measure the charges has been described already.* 
A Hankel electroscope whose gold leaf is observed by a microscope has its parallel 
plates joined to a battery which maintains them at +50 volts and —50 volts 
respectively. The leaf is connected to an inductor which has the form of a brass 
tube about 8 cm. long and 8 cm. diameter. Into this inductor the charge to be 
measured is thrust. Since the charges are considerable it is best to raise the leaf 
clear of the parallel plates. Roughly speaking, one E.S.U. charge causes a 


* Procy Rove o0C yeaa Ulla (LO26)e 
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divergence of 10 scale divs. in the microscope. In order further to indicate the 
strength of charges obtained in these experiments, it may be stated that when 
two standard ebonite rods are rubbed they give rise to charges one-tenth to 
one-twentieth of those obtained by rubbing an ebonite rod on warm flannel. 


(5) A further experiment which contributes to the elucidation of these effects 
is as follows: Two surfaces are well rubbed together till they are strained, as shown 
in experiment (3). Two other surfaces are left unstrained. Rubbing them together 
in pairs we have U/U, S/U, U/S and S/S (see Fig. 2). The first and last of these 
four cases we have in experiments (1) and (3). The other two cases are new. If 
the figure be examined we find we can interpret all cases by the following rules :— 

(2) The unstrained surface has a +”, and the strained a —” tendency. 

(5) The rubbed surface dominates the situation and decides the sign of the 
charges. 

Having observed the behaviour of ebonite it may be stated at once that the 
other materials mentioned behave in the same way. All, except glass and vitreous 
silica (whose surfaces are relatively hard, and which show no charges) obey the rule 
that “ rubber ’”’ is +-”* when unstrained, —” when strained. All of them on rubbing 
acquire strain with reversal of charge, which strain is final, but can be removed by 
heat treatment. 


ImpAcT EXPERIMENTS. 


Dissimilar materials when struck together in normal impact develop opposite 
charges.* But, on trial, it is found that identical bodies also charge one another. 
A glancing blow, containing tangential as well as normal stresses, is best for the 
purpose. The result of a violent blow between identical specimens of our insulating 
materials is to give a net —” charge almost invariably, whether the surfaces be 
standard or strained. To quote a few examples found in the case of ebonite, the 
charges on the two rods in scale units were —13/-+-7, —27/+-12, 0/—14, —7/—4. 
Prolonged blows in general increase the net —” charge. In the case of caoutchouc, 
celluloid, shellac and sealing wax the surfaces if very strained show sometimes net 
+ but the general rule for these and all the other materials is that net —” arises. 
To guote one of the exceptions: Two standard celluloid surfaces on impact give 
—29/--16. On repeating the blows both —” and positive are reduced, and finally 
when both surfaces are strained the charges formed are +11/—5,i.e., there is 
net +”. 

Discussion OF RESULTS. 


From these experiments we learn that strain plays an important part in Tribo- 
electric effects, and it is clearly impossible to solve the general problems of the 
genesis of charges in Tribo-electricity unless this new factor is given due weight. 

We reduce by one the variables in the equation by using, as in these experi- 
ments, only one kind of material. 

Analogous with the behavior of insulators in acquiring strain when pressed is 
that of metals whose surfaces are unstrained (crystalline) after fusion and become 
strained (vitreous) by pressure.t We have a hint of the difference in physical 


* See Richards, Phy. Rev., p. 290 (1920). 
+ See Sir G. Beilby’s.““ Aggregation and Flow of Solids.” 
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characteristics in these two states of a metal, since a crystalline and a vitreous 
specimen show the Peltier effect at their interface.* 

The net total —% charge found in impact experiments in Section (4) is most 
readily interpreted by supposing that +” ions escape to the air when the impacting 
solids separate. 

A suggestion may be made. Electrical snowstorms and sandstorms have ever 
been a mystery. But since, as in these experiments, like particles in impact may 
attain one charge, and the air an opposite charge, the repeated and violent blows 
between the particles of snow or sand may gradually accumulate a large charge on 
the particles and an opposite one in the air. We should then have a state of affairs 
such as arises from a different cause in an ordinary thunderstorm when the water 
drops are +” and the —” ions are dissipated in the air. 


* See Beilby, loc. cit. 
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XL.—DIFFRACTION OF LIGHT BY A TRANSPARENT LAMINA. 


By Prof. C. V. RAMAN, PRS and I. RAMAKRISHNA Rao, M.A. 


ABSTRACT. 


The present Paper embodies an attempt to consider the problem of diffraction of light by 
a very thin plate of transparent material, bounded by a straight edge, with greater exactness 
than is attained in the usual elementary treatment onthe Fresnel-Huygen principle. The 
method adopted, though not completely rigorous, bases itself on the electromagnetic theory of 
light, and seeks to express the disturbance in the field in the form of functions which are solutions 
of the equations of wayve-propagation. The formule obtained indicate that the light diffracted 
by the edge should exhibit colour and polarization effects varying in a remarkable manner with 
the thickness of the plate and the direction of observation. Effects having the general character 
of those indicated by the theory have actually been observed in experiment. The theory, 
however, requires modification in the case of thicker laminae, where further complications arise 
which are not here taken account of. 


I. INTRODUCTION. 


‘THE problem of diffraction by a plane transparent lamina arises in considering 

the theory of such phenomena as the colours exhibited by the “ striae ”’ or 
laminar boundaries in mica,* and the colours of mixed plates.j_ It has been observed 
that the edges of thin lamine diffract light through large angles, and that the light 
thus diffracted exhibits colour and polarization effects which are in some respects 
analogous to those discovered by Gouy{ with metallic edges. The elementary 
treatment of laminar diffraction usually given is thus inadequate. In the present 
Paper an attempt is made to place the theory of diffraction by laminar boundaries 
on a more satisfactory basis. The case of a thick lamina is too complicated to ofter 
hope of an exact solution. In the case of a thin lamina, however, certain sim- 
plifications are possible, as we shall see presently, which enable the problem to be 


dealt with successfully. 


II. THEORY. 


We shall confine ourselves to the case in which the light is incident on the lamina 
in a plane perpendicular to its edge. The region round the lamina can then be 
divided into three-parts: The first consists of the region in which the light trans- 
mitted through the lamina alone appears. The second is the region in which only 
the incident waves appear. The third is the region in which the incident and 
reflected waves are superposed. 

The middle surface of the lamina may be taken as the plane 9=0, and its edge 
as the Z-axis in a system of cylindrical co-ordinates. We may represent the incident 
wave by the expression 
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*C, V. Raman and P. N. Ghosh, Nature, Vol. 102, p. 205 (1918). 
+¢C. V. Raman and B.N. Banerji, Phil. Mag., Vol. 41, p. 338 (1921). 
+ G. Gouy, Annales de Chimie et de Physique, Vol. 8, p. 145 (1886). 
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o being the angle between the plane of the lamina and the incident rays. The 
train of waves reflected from the lamina may be represented by the expression 


gh 2atl (A iB.) ht C8 ETP ee (2) 
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and the train of waves transmitted through the lamina by the expression 
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The expressions (2) and (4) refer to the case (which we shall refer to as the ||’ case), 
in which the planes of incidence and polarization are coincident. The expressions 
(3) and (5) refer to the case (which we shall refer to as the 1’ case) in which they 
are mutually perpendicular. The multiplying factors (A,;—1B,), etc., are those 
given by the well-known theory of the colours of thin plates,* and may be deduced 
directly from the electromagnetic theory so as to satisfy the boundary conditions on 
either face of the lamina. 

Now the disturbances represented by expressions (1) to (5) do not extend 
throughout the whole field, but are confined to the particular regions of the field 
already indicated. To find the solution of the diffraction problem, we seek a function 
which satisfies the equations of wave-propagation, and which, while being valid 
throughout the whole field outside the substance of the lamina, represents a dis- 
turbance approaching asymptotically to the values given by those expressions at 
a sufficient distance from the origimin the respective parts of the field to which they 
refer. 

Such an expression is 


u=F(e, 9, >) —(AsttB)F (ep, % —%0o)+(CetiDs)F(0, 9 Go—27) - - (6) 
or 
u=F(0, 9, %)+(Ap—tBy)F(e, 9-0) +(Cp—tDy)F(p, @ Go—2) » + (7) 


in which F(¢, ©,  ) is the well-known solution of the wave equation due to 
Sommerfeld. 


i\ 4 
F(o, ©, go) et urn( +) eixp cos (P vo) f px Gi sed te ee (8) 
TU —o 
where 
T=V 2k cos $( — 9) tee 2.2.85 eee 


F(e, ©, —) and F(e, 9, %)—2n) are obtained by writing —g» and (9% —2z) 
respectively for @ in (8) and (9). 

In the ||! case « represents the electric force parallel to the edge of the screen 
and in the {” case it represents the magnetic force in the same direction. It can 
readily be verified that the asymptotic values of (6) and (7) are those given by (1), 


* Drude’s Theory of Optics, English Translation, p. 302. 
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(2), (3), (4) and (5), in the parts of the field to which they refer. When (9) is positive, 
the asymptotic expansion of (8) is 


i.2nt/T| 4h died 
F(0, @, Qo) wer Prt | cic cos (P—Pq) + —______ | eras (i!) 
4nV 9/4 cos 3(@ — @) 


while, if (9) be negative, there is a similar expansion in which the first term is left out 
The light diffracted by the edge may accordingly be written thus 


E,=eb-2at/T ee L-(CsttD,) | eed (11) 
4zy/ 0/4 LCOS 3(@— 9) C08 3(9+ 4) 

H,=e-27t/T , hn a 1 (Cp +t)p) | ApttBy ] (12) 
4nV/ 0/4 COS 2(9 — Go) "cos 3(9-+ @) 


We may write the expression within the square brackets in (11) and (12) respectively 
in the form (F,+7G,) and (F,+7G,). (F?--G,*) and (F,?-+-G,”) are measures of the 
intensity of the components in the radiation diffracted from the edge, and their 
ratio indicates its state of polarisation when the incident light is unpolarised. 
ds=G;/F, and dp=G,/Fy give the phases of the components, and (6,—6,)/A is a 
measure of the ellipticity of the diffracted radiation when the incident light is 
polarized in any arbitrary azimuth. 


III. NorMAL INCIDENCE: VERY THIN Lamina. 
In the case of normal incidence, we have g9=7/2, and further 


(pes plat ee weal 
bee me Lal areca Snes alae a ee (13) 
cae 2 2 (cos g-+7 sin q) 
=O y= ee : : aera i! 
Sg a Rt i(u?-+1) sin p+2u cos p oe 
where p=22ud/A and q=2d/, d being the thickness of the lamina and w its 
refractive index. We have only to substitute (13) and (14) in equations (11) and 
(12) and evaluate them numerically to find the intensity and state of polarization 
of the diffracted light in any direction. 
Consider first alamina so thin that we may put sin p=, sin g=q, cos p=cos g=1. 
Since p=yg, we find readily on making these substitutions, that 


1—(C,+iD,)=1 —(Cp+iD,) =A;-+iB,=A p+iBy 


and that 
1 1 
: nt(u2 —1)\d| ———_—_—_ - —_—_———— 
F+1G,= v A = tee |: pe) 
2 2 


th 1 
(iM? —1)d| —$—<$$$—$$_$_—$-|_- —$$$<_— 
Fy+iGp= UES | ee te | eecetee se, (18) 
2 2 


From (15) and (16), it follows at once that along the surface of the screen (g=0 and 
o=2z), the ||’ component of the diffracted light would be zero, and the L’ com- 
ponent would be finite, thus giving complete polarization. In the opposite direction 
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(o=z), however, the ||! component of the diffracted light would be finite, and the 
1” component would be zero, thus again giving complete polarization but in a 
perpendicular plane. The intensity of the diffracted light would, for such thin 
lamine, be proportional to the square of the thickness. 


IV. THICKER LAMINZ: COLOUR AND ELLIPTIC POLARIZATION. 


If we assume that formule (11) and (12) remain valid for greater thicknesses 
of the lamina, at least as an approximation, it is evident from these expressions 
taken together with (13) and (14) that the intensity and state of polarization of 
the diffracted light would be functions of the wavelength, the thickness of the 
lamina, and the angle of diffraction. Hence, in white light, the diffracted 
radiation from the edge would exhibit colour. 

If we assume that the incident light is unpolarized, the diffracted light from 
the edge would be partially polarized to an extent depending essentially on the 
contribution proportional to (A,+7B,) or (Ay+1B,) which arises from the reflected 
wave and appears with a 
) negative sign in (11) and 
with a positive sign in (12). 
It follows that the degree of 
polarization should vary 
with sin p in a_ periodic 
manner, being zero when the 
thickness of the lamina is 
such that the reflected light 
vanishes and maximum 
for intermediate thicknesses. 
The intensity of the diffract- 
ed light, however, depends 
- id /n chiefly on the resultant of 
' i the contributions from the 
fs] 180 360 540 720 incident and transmitted 
Fis -I waves which are propor- 

INTENSITIES OF COMPONENTS OF DIFFRACTED LIGHT tional to (1—C,—1D,) or 

AS FUNCTIONS OF THICKNESS. (1—C,—iD,). It is easily 
shown that this part depends 
on sin (p—g) and that its intensity is a maximum when the relative retardation 
on the two sides of the boundary is half a wavelength, and a minimum when the 
relative retardation is a complete wavelength, and so on. Two sets of periodic 
variations in intensity thus occur giving rise to corresponding colour effects in 
the diffracted light. One set of variations affects both components of the vibra- 
tion in the same way, while the other set affects the two components in opposite 
senses. Hence, the colour of the diffracted light would, to some extent, depend on 
the azimuth of polarization, and the two images of the diffracting edge seen 
through a double-image prism may in favourable cases actually exhibit comple- 
mentary colours. 

Fig. 1 represents the values of F 2+G, and F,?+G,? corresponding to an angle 
of diffraction of 90° (g=180°) for different thicknesses of the lamina, the refractive 
index being assumed to be 1:5. The periodic variations of the ||’ and 1” components 


2 2 
r Fp+G, 
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of the intensity of the diffracted light are clearly seen. The polarization, which 
is given by the ratio of the two components, is almost complete for small thicknesses 
of the lamina ; it is zero for thicknesses given by 27d//—78°, 120°, 218°, 240° and 
360°. For intermediate thicknesses, the polarization fluctuates. 

From (11), (12), (13) and (14) it is obvious that, when the incident light is plane- 
polarized in any azimuth, the diffracted light would in general be elliptically polarized. 
The phases of the L” and ||’ components as calculated from the values of tan-!(Gp/ Ip) 
and tan-1(G,/I’,) respectively are shown in Fig. 2 for the same cases as those con- 
sidered in Fig. 1. It is evident from the figure that, in certain cases, particularly 
for small thicknesses of the lamina, the phase differences are large and should easily 
be observed. 


V. SUPPLEMENTARY REMARKS. 


The theory set out above is an approximation to the truth which is strictly 
applicable only to the thinnest lamin. It succeeds in explaining the polarization 
effects which would otherwise be unintelligible. With laminz of greater thickness, 
however, complications arise 
which are not here taken 


e LAs Pere account of. In reality, we 

135 is 180 AL =15 have not one edge, but two 

en edges to deal with, namely, 

those relating to the front 

45 eT d/® and rear surfaces of the 

i ae He ; lamina, at which the waves 

30 8= 180 270 «360 450 540 630 passing on either side of the 

-45 r boundary are diffracted 

and, diverging with a differ- 

Stn ence of path, interfere with 
435 L each other. 

It is readily seen that 

Sata | the path-difference between 

: ae the interfering rays from the 

PHASES OF COMPONENT'S OF DIFFRACTED LIGHT two edges would alter con- 

AS FUNCTIONS OF THICKNESS, tinually with increasing de- 


viation of the diffracted ray, 
but in different ways in the two portions of the field to the right and the left of the 
direction of the incident pencil. Since the conditions on the two sides of the 
boundary between the incident and transmitted waves are thus dissimilar, the 
diffraction effects observed should be asymmetrical in intensity with reference to 
this boundary. Experimentally this is actually observed to be the case. Further, 
owing to the interference of the diffracted waves from the front and rear edges 
occurring under varying difference of path in different directions, the colour and 
intensity of the diffracted light should vary periodically with increasing deviation 
of the diffracted ray. This again is actually observed in experiment. It is not 
unlikely that a modified treatment which takes account of the complications referred 
to here may be successfully worked out. To enter into them more fully, however, 
or to make detailed comparisons between theory and observation would lie beyond 
the scope of the present Paper. 
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XLL—LECTURE ON THE ECLIPSE OF THE SUN, JUNE 29, 1927. 
Delivered by E. H. Rayner, /.A., Sc.D., on June 3, 1927. 


EXTRACTS FROM LECTURE. 


“THE initial partial phase and totality take place before 6 a.m. G.M.T. In such 
circumstances the diurnal rotation causes England to have a small com- 
ponent opposite to the eastward motion of the moon’s shadow. The final (fourth) 
contact will occur after 6 a.m. over England, and the partial phase at commence- 
ment will be some 3} minutes shorter than that after totality. The times mentioned 
in this lecture are G.M.T. The centre of the shadow cone makes first contact with 
the earth at 5 H. 20-1 M. G.M.T., only 3 minutes before it reaches Cardigan Bay. 
At this point the diameter of the cone where it intersects the earth is about 13-7 
miles, and the distance of intersection from the imaginary point is about 1,500 miles. 
In the two succeeding minutes, when the iritersection is near Hartlepool, the diameter 
increases to about 16 miles, correspond- 
ing to about 1,700 miles from the point. 
Owing to the low altitude of the sun, 
the intersection of the shadow cone 
with the earth’s surface is a long ellipse. 
The minor axis of the ellipse is only 
about half of the 30 mile width of the 
shadow track, since the major axis of 
the ellipse is inclined at about 23° to 
its direction of motion. The conditions 
"VELOCITY at 5.25, which have been kindly pro- 
15 MILES vided by Dr. Comrie, are given in 
PER SECOND Fig. 1, in-which the dimensions are in 
miles. One result of these circumstances 
is that over the northern two-thirds 
Fic. 1. of the shadow track the approach of 
the shadow will appear to be from the 
E. of S., and not from the S.W. The direction at Richmond will be about 15° E.. of 
S. The apparent velocity will be considerably less than the velocity of travel. 


PARTICULARS FOR RICHMOND, YORKS. 


The progress of the eclipse has been computed for the Race Course at Richmond, 
Yorkshire. The information includes the times of the four contacts and their 
position angles. The moon will first be seen to encroach on the sun at 4 H. 30 M. 
37 S. at an angle of 293° from the vertex, that is, from the highest point of the sun 
as seen at that time and place (Fig. 2). The angles are computed starting from 
North through East,.to the left. The point is more conveniently found by con- 
sidering it as 67° from the vertex counting towards the right. 

The passage of the leading edge of the moon across the sun’s disc takes about 54 
minutes, the second contact, which is the commencement of totality, occurring at 5 H. 
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24M. 39:95. Totality is computed to last 22-8 seconds ending with third contact at 
5 H. 25 M. 3-7S. The fourth contact, when the sun is finally clear of the moon is 
about 57-5 minutes later. The various times, position angles from the vertex and the 
direction of the North point of the sun are shown in the diagram. 


ESTIMATION OF THE MOMENT OF TOTALITY BY MEASUREMENT OF THE SOLAR 
CRESCENT, 


It is desirable to have an observational method of some accuracy for estimating 
the moment when totality is to commence a few seconds before it actually does so. 
When the moon has nearly covered the sun a diminishing crescent of the solar disc 
is visible. Ifthe angular dimension or chord of this cusp has been computed for a 
number of instants before totality, it enables the desired time interval to be obtained 
by a direct measurement of the cusp. This measurement can be made by projecting 
the image of the sun, produced by a stand telescope, on to a white card, using the 
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eye-piece aS a magnifier in the usual manner. An image of the sun two or more 
inches in diameter can usually be obtained by this means. On the card pairs of 
parallel lines can be drawn, each pair being separated by a distance corresponding 
to the length of the chord of the cusp at a known interval before totality. The card 
is oriented so that the lines are parallel to the moon’s apparent motion. 

Fig. 3 shows the dimensions of the semiangle of the cusp in degrees, from which 
the corresponding chord can be computed. The chord will be D sin C, where D is 
the diameter of the image of the sun and C the semiangle of the cusp. In Fig. 4 the 
diameter of the sun is indicated by that of the semicircle, and the relative lengths 
of the chords from 20 to 0-5 seconds before (and after) totality are given by the corre- 
sponding numbers. The computation has been made on the assumption that the 
semi-diameter of the sun is 943-9 seconds, that the apparent semi-diameter of the 
moon is 950-1 seconds, and that the time of totality is 22seconds. The relative motion 
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assumed has been that of the centre of one disc moving along a diameter of the other. 
A rigid computation for the circumstances of Richmond, computed by Dr. Comrie, 
has confirmed these results very closely. The diagram may be used for places along 
the line of totality and for about five miles on each side with sufficient accuracy for 
the purpose intended. 

CHROMOSPHERE,. 


The most striking part of the chromosphere may be expected to be the hydrogen 
prominences. The predominant visual light in the hydrogen spectrum is the red 
line at wavelength 6563. There are also other lines of shorter wavelength in the 
green and blue. These will tend to render less distinctive the red line, which is likely 
to be masked also by the general brightness of the corona. It may, therefore, be 
well worth while to try, for a second or two, even if not very successful, some method 
of enhancing the effect of this red hydrogen spectrum line. 

A red glass of a common commercial quality cuts out practically all the blue and 
green of the spectrum and lets through only the orange and red. If the density of the 
colour is such as to absorb nine-tenths of ordinary daylight, the fraction of the line 


| 
| 0, © c 
| 


LINE SOURCE 


CRESCENT. 


Fic. 4. Fic. 5 (NEGATIVE). 


transmitted of the wavelength 6563 will be about one-half. There will be, therefore, 
a very considerable enhancement of the appearance of the hydrogen prominences, as 
seen in the light of this wavelength, compared with the general brightness of the 
corona. Two such glasses in series would cut down the red hydrogen line to a quarter 
of its intensity, while on the basis of average daylight it would only transmit 1 per 
cent. 

A number of such glasses 3 in. by 2 in. in size are available, and it is proposed to 
distribute them to the Fellows of the Society and their friends on the journey to 
Richmond. The colour is similar to that of glass for photographic dark-room illu- 
mination, and to that used for the red light of railway signals. 

A more analytical method of observing the chromosphere is by the use of a 
prism or grating to separate the light of different wavelengths. 

The method is described in dealing with the “ Flash” spectrum. The diagram 
Fig. 5 shows the appearance of light of the principal chromospheric lines as viewed 
through a straight slit, a circular slit and a crescent-shaped slit. It is not unlikely 
that the hydrogen lines, and possibly others, may be continuous all round the sun, or 
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nearly so. The bright lines, green and red, due to the corona material, only visible 
during a total eclipse, may be expected to be visible as complete rings, not so bright 
as the chromosphere, and more diffuse because more extensive. 


FLASH SPECTRUM. 


Professor A. Fowler has suggested that, owing to the small difference between 
the apparent sizes of the sun and moon and to the probable brightness of the corona, 
there is a risk of observers not being aware that totality has commenced. The 
observation of the “ flash’ spectrum affords an accurate method of determining the 
limits of totality. At the base of the chromosphere, and for a distance of about 500 
miles above the surface of the photosphere, there is a fairly sharply defined layer of 
metallic vapours as seenfrom theearth. These normally absorb some of the intense 
solar radiation of their own frequency passing through them, and give rise to the dark 
lines in the solar spectrum. At the moment of totality these gases in the region 
just clear of the apparent edge of the sun, not having its radiant surface behind them, 
do not give rise to an absorption spectrum ; but, being at asufficiently high tempera- 
ture, they emit their own characteristic radiation, giving a spectrum of bright lines, 
the positions of which are the same as the corresponding lines of the absorption 
spectrum. This layer is comparatively thin, and the moon, traversing the sun’s 
disc at a rate of 280 miles a second, soon covers it ; so that the bright-line “ flash ”’ 
spectrum may only appear for a couple of seconds, though it may be visible longer in 
regions of activity. A plain or direct-vision prism is suggested for the observation 
of it and of the chromosphere, with or without any optical aid such as a field glass. 
For further information and suggestions as to what to look for, reference should be 
made to the Paper by Professor Fowler in the Journal of the British Astronomical 
Association, Vol. 37, No. 6, p. 205, price 3s., Eyre and Spottiswoode. 

Ii accurate measurements are made of the time of appearance of the “ flash ’ 
spectrum at the beginning and end of totality, referred preferably to the radio time 
signals, they may prove of distinct value. Any records should state whether the 
beg nn‘ng or end of the “ flash ”’ is the moment recorded, and an estimate or measure- 
ment of its duration should be attempted. 


» 


SHADOW BANDs. 


These appear to be a common feature of total eclipses. They have the appear- 
ance of alternate light and dark bands which are visible on the ground and other 
objects just before totality and after it. They are described as being in movement, 
but the movement does not appear to be too rapid to distinguish them. Their 
separation seems to be a matter of inches rather than feet. It is not known whether 
they have been photographed. It seems likely that they are a diffraction pheno- 
menon caused by the last part of the solar disc being hidden by the moon, modified 
by atmospheric unsteadiness. The roughness of the moon’s edge may be an important 
factor in their production. Preparations have been made to photograph them at 
one previous eclipse at least, which failed owing to clouds. A camera was focussed 
on white surfaces, one vertical facing the sun, and the other in front of it on the ground. 
An instantaneous photograph was to be attempted. A similar arrangement using a 
cinematograph camera or cinekodak would give an opportunity for determining not 
only the direction in space of these bands, but also their direction of progress. It 
is believed that any information of this character could not fail to lead to new know- 
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ledge. The ratio of the brightness of the light from the dark and bright parts is not 
known, nor the approximate absolute brightness, but it is hoped that a photograph 
would give a recognisable record. A lens of large aperture would be necessary, as 
the general intensity of the light w ll be very low. 


GENERAL NOTES. 


No one can fail to be impressed and have but an imperfect appreciation of the 
lapse of time during an eclipse. It is not unlikely that the diminution of daylight up 
to about a minute before totality may appear to many to be unexpectedly slight. 
The eye is so used to intensities varying many fold in a few minutes on ordinary 
days, and is naturally so adaptable, that it is possible that only the last few seconds 
may be conspicuous in this respect. The general tone of the illumination is likely 
to be very striking for some time before totality. 

If attempts are made to do any timekeeping during totality for photographic or 
other observational purposes, or even for the purpose of making the most of the 
opportunities for visual observation, it is well to count seconds backwards. Counting 
in this manner avoids attempting to do mental arithmetic in order to find out how 
many seconds yet remain. A metronome should be used or some other audible 
signal, so as to avoid the use of the eye for this purpose. It is well to aim at 
underestimating the time of totality, and for a duration of 22 or 23 seconds it would 
be well to start counting from 20. 

For the protection of the eyes while directly observing the sun some dark glass 
or similar material must be used. A transmission of about a hundred thousandth of 
the incident light is sufficient. A photographic film given an exposure to the sky in 
a camera of about the normal time and then developed to give a good dense deposit 
will transmit too much light if used singly. Two, three or four thicknesses can be 
superposed, a suitable number being found by trial. Process plates will give a 
denser deposit, and the use of glass will avoid the diffuseness due to the use of several 
thicknesses of celluloid. For information concerning photography of the corona, etc., 
reference should be made to page 208 of the Journal of the B.A.A., previously men- 
tioned. 

Rapio TIME SIGNALS. 

Provision for the reception of radio time signals will be desirable, and it would be 
well for anyone providing such equipment to have a megaphone, in places where a 
considerable number of observers are expected. 

It is specially desired that only the stations advertised as providing a public 
service should be tuned to, as delicate radio experiments are to be made on a number 
of other wavelengths. These may be seriously interfered with, if there is any 
attempt to tune to their wavelength. There will be nothing to listen to, as there 
will be no modulation. The radio experiments are extending over several days, 
during the early morning. The programme of the B.B.C. as regards time signals is 
as follows :— 


TRANSMISSION OF GREENWICH SIGNALS FROM DAVENTRY ON 1,600 METRES ON 
JUNE 29, SUMMER TIME, 
(1) Six dot seconds at 6.0, 6.15, 6.20, and 6.30 a.m. 
(2) Single seconds continuously from 6.22 to 6.26 a.m., missing each 29th and 
59th second with an announcer calling the 5th, 10th, 15th, etc. 
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DEMONSTRATION OF THE PRODUCTION OF SPLASHES BY ELECTRIC 
DISCHARGE. 


By G. L. ADDENBROOKE. 


(ee experiments shown were an extension of. those shown by Mr. Addenbrooke 
at the Physical Society’s Exhibitions in 1926 and 1927, and have been 
described by him in The Philosophical Magazine, May, 1927. 

A point electrode is mounted about 1 inch above a liquid dielectric (oil) and 
charged from an induction coil giving a l-inch spark. For the purposes of optical 
projection the liquid is contained in a dish with metal rim and glass bottom. When 
the point is positively electrified, elongated radial splashes in the form of indentations 
spread out over the liquid and then sink into it. Similar results are obtained with 
a negatively charged electrode mounted nearer to the surface, the splashes covering 
a smaller area and being more definitely radial in this case. When a sphere of 1-5 cm. 
radius is substituted for the point, a circular hollow with a raised edge, from which 
the rays shoot out, is formed under the sphere. _ 
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DEMONSTRATION OF THE SCHONHERR-HESSBURGH NITROGEN 
FIXATION ARC. 


By Capt. Gol Fines, M.B.E. 


"THE combustion of free nitrogen to nitric oxide is an endothermic process, and 

therefore involves absorption of energy. In the arc nitrogen fixation pro- 
cesses this energy is furnished by means of an electric discharge. The suitability 
of an arc for this purpose depends in the main upon the extent to which the following 
requirements are fulfilled: (i) The arc must burn satisfactorily on an alternating- 
current supply of the usual frequency, (ii) without giving rise to excessive load 
fluctuations, and (iii) it should be possible to maintain a high rate of flow of air 
through the arc. 

In the Birkeland-Eyde arc these conditions are sufficiently realised by magnetic, 
assisted to some extent by blast, quenching; and in the Pauling Brothers’ arc by 
blast quenching alone. Both arcs are burnt between water-cooled copper tube 
electrodes. Thus immediately on striking at the beginning of each _ half-cycle 
(suitable inductance being included in the circuit to cause the voltage to lead to the 
necessary extent) the arc is distended—i.e., the arc gap virtually widened—and the 
heavy load fluctuations, which would otherwise occur owing to the characteristic 
of the discharge being negative, are suppressed. Further, since the origins of such 
quenched arcs are never stationary, but always receding rapidly from the gap, the 
cathode remains cool and the cathodic fall of potential is consequently of the order 
of 430 to 450 volts. Thus the Birkeland-Eyde and Pauling arcs are both cold 
cathode—i.e., true high-tension arcs. 

The Schénherr-Hessberger arc differs fundamentally from either of those pre- 
viously mentioned. This arc is not quenched ; when once it has been struck and 
fully extended to its normal working length the latter remains constant. Further, 
the arc origins are stationary, and, although the iron rods upon which they are 
seated are water-cooled, such cooling does not suffice to prevent the formation of 
highly heated oxide layers at which the cathodic potential fall is of the order of 
only about 10 volts. Thus the Schonherr is a hot cathode—i.e., low-tension arc.* 

The Schénherr-Hessberger furnace consists essentially of a long (30 ft., or even 
more) vertical iron tube, at either end of which are situated axially the two iron 
rod electrodes, of which the upper one and the tube are earthed. Air is blown 
through jets let in tangentially at the bottom of the furnace. This arrangement 


* The terms “low ”’ and “ high tension ” as applied to the are are apt to be somewhat mis- 
leading. It would certainly give rise to less confusion if the classification were based on the 
temperature of the cathode alone. For whilst the minimum striking potential of a hot cathode 
arc between, for example, carbon electrodes in air is only about 36 volts, and as much as from 
450 to 470 volts when the cathode is cold, conditions can easily be realised in which the total 
potential drop across a hot cathode, “low tension ”’ arc exceeds that across a cold cathode, 
“high tension” arc. A “‘ high tension” arc with stationary origins, even on water-cooled 
but oxidisable metal electrodes, invariably breaks down into one of the hot cathode variety 
unless, indeed, the current passed by the discharge be exceedingly small. ‘ 
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results in a helical movement being imparted to the air flowing up the tube, and 
thus preserves a practically stationary vertical column of air between the electrodes. 
On first striking an arc is formed between the bottom electrode and an adjacent 
point on the iron tube ; but the arc origin on the latter is immediately carried up 
the tube by the swirling air current, until it finally lodges on the upper central elec- 
trode. Owing to the comparatively undisturbed state of the central air column 
now traversed by the discharge, the temperature and highly ionised condition of 
the gases therein persist sufficiently to enable the arc to re-strike almost immediately 
on reversal of the current at the close of each half-cycle. 

The Schénherr are can be effectively demonstrated on a small scale in the 
following manner: A 14 inch bore, 18 inches long, transparent quartz tube is 
clamped vertically and provided with a 3 inches long electrode of } inch iron rod 
secured centrally by means of a rubber bung inserted into the lower end of the tube. 
Two glass tubes are passed through this bung, and their ends inside the quartz tube 
bent over at right angles, thus forming tangential blast jets. An upper } inch 
thick iron rod electrode can be moved up or down along the axis of the tube, being 
guided in a glass tube held centrally in a bung in the upper end of the quartz tube. 
The secondary of a 1 kilowatt transformer working off a supply of the ordinary 
frequency and with a secondary output voltage of between 3,000 and 20,000 volts, 
is connected to the electrodes. Should the transformer secondary be centre-earthed, 
it will be necessary to insulate the upper electrode ; otherwise it may be earthed in 
the interests of both convenience and safety. The movable electrode is now lowered 
towards the bottom one until the arc strikes, whereupon it is rapidly withdrawn to 
practically the full extent of the quartz tube. The arc thus formed is of strikingly 
beautiful appearance, brilliant golden white in colour and about ? inch in diameter. 
It moves sinuously and slowly about inside, but without ever actually touching 
the walls of the tube. On turning on the blast the discharge shrinks somewhat in 
diameter, and is steadied up until practically no motion can be detected in it. The 
gases leaving the upper end of the tube contain about 2 per cent. of nitric oxides 
and are strongly coloured. 
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DEMONSTRATION WITH MAGNETRON. 
By D. Owen, B.A., DiSé: 


ADEE magnetron is a diode valve with cylindrical anode of non-magnetic material, 

along the axis of which hes the filament. A uniform magnetic field can be 
supplied parallel to the axis. A. W. Hull showed* that the device can be used 
to measure the ratio e/m of an electron. When a positive potential is applied to 
the anode electrons move in straight paths perpendicular to the axis. On 
applying the magnetic field the paths become curved, without, however, affecting 
the magnitude of the anode current, provided the electrons ultimately reach the 
anode. But as the magnetic field is gradually increased a critical value is reached 
at which the electrons just fail to reach the anode, passing tangentially to it and 
returning to the filament in a path similar to that of approach. This path can be 
shown to be a cardioid if the effect of the magnetic field on the distribution of space 
charge is neglected. If V denotes the potential-fall from anode to filament, H the 
critical magnetic field intensity, and R the internal radius of the anode, it can be 
shown that 

e/m=8V /H*k? 

In the demonstration a diode in a bulb of the type used in the ordinary receiving 
valve is used, the anode being of capper. (This valve was supplied by the General 
Electric Research Laboratories, by courtesy of the Director, Mr. C. C. Paterson.) 
The valve is placed between the parallel faces of the pole-pieces of an electromagnet 
in series with battery, ammeter, carbon rheostat and switch. In the anode circuit 
of the valve is a shunted mirror galvanometer, the deflections of which are indicated 
by a disc of light moving over a scale. The value V=100 volts was found suitable. 
R was 0-5 cm., and the critical fall of anode current was reached at H =130 gausses. 

The current through the electromagnet having been increased to the critical 
value, the switch is opened and the galvanometer spot allowed to regain its steady 
maximum deflection. On now once more closing the circuit of the electromagnet, 
no effect on the position of the spot of light 1s observed for an appreciable interval 
of time (some two or three seconds with the electromagnet used), after which the 
spot makes a sudden descent towards zero. The magnetron thus serves to Show 
in a striking manner the finite time required for the electric current to build up in 
an inductive circuit to which a steady electromotive force is applied. 


* Physical Review (1921). 
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